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(54) ELECTROLUMINESCENT ELEMENT AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a highly reliable 
electroluminescent element which has a wide surface area and whose electric 
power consumption is low by forming a poly phenylene vinylene PPV film 
with the thickness within a specified um range on the surface of a first charge 
injection contact layer. 

SOLUTION: Using a borosilicate glass 1 as a glass substrate, a first electric 
charge injection contact layer 2 is formed on the upper face of the substrate. 
This electric charge injection contact layer 2 is formed by thermal evaporation 
of aluminum through a shadow mask and the resultant substrate is exposed to 
air to form a thin film surface oxidized layer 3 and the electric charge injection 
contact layer is thus obtained. Next, a polymer solution is applied to the whole 
surface area of a joining substrate and while keeping the upper face in a 
horizontal state, the substrate is rotated at a specified rotation speed on an axis 
and the resultant substrate coated with a polymer precursor layer is thermally 
treated in a vacuum oven to convert the precursor into poly phenylene vinylene 
PPV. The obtained PPV film 4 has 100-300nm thickness. After that, a second 
electric charge injection contact layer 5 is formed on the PPV film 4 by 
evaporation of gold or aluminum and an electric charge injection contact layer 
with 20-30nm thickness is thus obtained. 
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(Dmmtm-rzm 1 w&ttsfc j; 2 <n% 

T, SWHRtt. JS2©««B*f[Sl©« 

AMI fcitLX iEtei-* J: 5 K¥W#JB*r^ LTS 1 *J ± 
tJ«2<D(#IMMfc«#£*»l7$4, ««f*+y+*s¥ 

**a 

[ft i ] 

»4-tix«±©@iftssr^rLrv'-ct)J;v>] co#y (p- 
7^=u^t*=ix» [ppv] -cfeSrirSr^ffltii- 

[M*fi3] ffl#^*fctt2i2«ro®jm5tifmc»8 

c0<6fflC0^SWK:i$-ftJf: £ « ©ffc 5 i J: £4$®: t 

^•(C^T, «*!)7-*ileV*f)3. 5 e VCOft 

y v-©w^ii5ietpic#fti-5#®:^y ^-^-com^ 

I/ £*VfcT A $ = !7 AOT»«-C& *J , ¥ 

2 CDffiffi&AEtf T/W 5 - <> Afc J; P> ft $ & 



*tci3v>-c, *i«J:t«R2 0B«ftt7^8»Jifl!>iMe< 
[ffll*3Sl 0] W#3B7E*0*JH8*SIW-KS3V^-C. 

ss 2 (ommm > * *> a * it ttrnM >*j v a * 

»*«^-K:*i^-C. »l<ogJ«HiJS#SK5/y 3^;6»5> 
ft*), 2 co««« *s r ^ s = •> a , ^fcitf^ft: 
^^Aa>e>fts»i6>e)a^$ti,5r.4*»«ti-5 

^C*3^-C, ^l*3,tT/^2(Dm^ttAS«®<0'>ft 

*^6ft5T u-r-cfoo-c, » i it/jg 2 wfl;^ftt 
iw#jsi 5] />ft< th ia»*asHy-r-^?jft5 
ufcflfiKftjK y L-t&&# y 

JBOSlHISr1!WB**frJBO«10*iiifc«UrKft, * 
LT, fE2 0^toS©»K5rS(lE¥#tt:l»f{2»SB 

(d-t-5 «t 5 KIGS2iMH«l i 85 Ufc^ l J; VJB 2 <D& 
<WBIBlcm***»»* t , «^r^f-¥ y 

[W*«i 6] »*5i5Bio«i3S»ftlcjii^-C, jte 

vv»*ft*y v-Kt LTBfflHSIlSE*^y-7-?rM-«f$ 
*, &K«££«*i«k tfll5E## y ^-SrjK y -v-sep 

rem 2 o«^itA8=«s^^ y T-m±.icu*isitz c 

4 Sr«« i i- s «#^**^roS^7ir& 

1 7 ] HM99 15*fcttl6 fH©<7)K3g7?)£IC 
*3V^-C, MIE{*:^y^-* s '5I^-efo*), *>o^fy3 
-f-f :^K:J:oT£«±CsKy t-»K4 LTW*^ 
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u> f = c p p v] (Dutimfttf y - 1 

ffi t + 5 * JM8**?-©»itt2ri(c. 
[Ht#JS2 0] 5 9©W«VJNl3Btt© 

t>, ^©»S l ©ttffi^^S©IMtfc8K#¥i*{«i 
coB l ©SSE b&m L-TRit n t frftg t-t 5® 

[W*3fi2 l ] W*Jai 5 75^2 orov-fftsMilEit© 

«***■©«»#&. 
Kl*]fi2 2] HMflgl 5 9©V^-fiia»CB«0 

^*i/£A/«©£&a»&fc*#;&»68fc$;h,, 5.o 
2 co&JWI tfiMfc'f ^ 9 a f & * r t i: -f 5 

* t) , ' 2 (D^ttS # 7 A- 5 = ? A , «fc TJKHt; 

im#m2 4] 8»*3Bl 5 75M2 4 ©v^T ftiWcEm© 
©ffi!5t#fe 

[fflJjftJS 2 5 ] 1 5 75£ 2 4 ©^1**l*»fctB*© 

«« t a *jm3tlfry-©8l>S£m, 

[*W©BlB;fcKW] 
[0 0 0 1] 

r *> 5 m#i§*^^ *j j: ire- ©«»#» c Hi- 5 . 
[0002] 

[t££©gflf] *JMS3fe (EL) a#(Oj^#(j: 

?L»©Sc^^*»LTt?friia. *©-«i LTtt, 
Ga P*iJ:t/iai*«III Sl-Vfi|^»«:*S«ti-** 

Htcfijffl ^ft-cvs fc©©, £ ##Jiric»/jM? 

& 5 it ft \£*.W9rf 4 * 7 M Kttffii" 5 £ffE UT tt. 



t). ^LTaSflMNStt©*. Zn SfcSt>#**$5;*j;4S 
fattbftfc. wOSRttaf^Tt^V^ffli©^, SSI 
U^fcv^ 5 raffle* *. ZnS«5^* 
sXAO-MU. 3SI|#TI-*5V^-C. JNSfrSriio-Cl 
«©^f-r y^is*pa$^5wilcio-C, JMtJBtlcJ: 

[0003] #$#**©*> r^h^-tv. 

tUT3U*y©J:}/imS»»f (s imp 1 e 
aromatic molecules) \t^\^i> Y 

[0004] r.*i?>©«-»©5lffl±©raH^i: UTtt, 
ZnStPI#K:-tn?>i5«lfittSr^<fid>9*>, £fte> 
©=fr^® i:®^lffiA®ffi^ (current-inje 
cting electrode layers) tCO 

[0005] *«&»©#»*£©«««» abfrsjR 
s»iiLa<, *3iTj=±gp^ftWB (top 

contact layer) ©iS?i.WW(^iBx.?>C 

[0 0 0 6] »iiKi5St«$*tfc^#«l<k^»©5V^5 
3. T — ^ n v^x. (Langmuir— Blodge 
t t ) aS**©tt«ttR©&K©£fls, ffiDlfeW©* 

[0007] T^vv-t^zmmLtzmfrmytmi-^ 

*H^Ffr3, 6 2 1, 3 2 l■i-|CM*$^^TV^^> < , r© 

[00 08] Lfciii^-Sr»« L J; 5 i LT , 
If 4, 6 7 2, 2 6 5^-ttv *3tJitU-CrJI«jSSr* 

[0 0 0 9] L.'a»L.fc#6>, flfIIE-g«iglCti|g$tlT 

[0 0 10] 

[I6«^»*L-J; 5 ir-r?)«JS] MtB©?FIP 
[0 0 11] 

[^SSr»*-rSfcft©^a] *^5^©-ffi«lcJ;n 

tK y v-icM^^iv ^«(*s©fs i ©^ffi t 

»-t5!R 1 ©««Wi*5J:t;^»:S©f5 2 co^Sig^-T 

5 ss 2 ©s«js tfrbtez, ufmim^vhi -c, ^ 

#Jl©#y^-Ri4, *2©SMJBSr»l©«««K» 
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[0012] a«fc*»JBa»6««Mr+yir 

#*fcJ:6J8J&fcSSt«r*s< t©-C*5. 
[0 0 13] *«:^Ky•7-^:i^i«i:li*nlb^^■C^^^). 61 
3fc¥SP«~©*ii&©fllffl#fttf1^1HH0 2 
9 4 0 6 1 #"CtfcN$*VCV*. *©»£\ tf])7-tf- 
U^tfifg 1 *J <fctf % 2 ©ftl§ra©£H«Jtfc*5tt 5 T * 

1-7 * w ^fltcanrnmniMWi-s ± 5 mmm 

l-otr^x-f^SiOlBIicffeejg-SrKCtS^S^fo 
S. SWW»JBaJ#fci-5fc»t» *©JD«!W83fcfctT 
Sa^/EftStwjg&asSESJFIIlJiSftS©-?, *©* 

\\ ^ftlllti, BWtUSfffltiKO 2 9 4 0 6 1 ^|C*3 

<a*u<<cv\ 

[0014] *3siBc#3iSm;:*si->-c, *®7Ky-7- 

(Coniugated Polymer) lizKy (p 

ffii£AS:ftfeJ§ (first charge injec 
tion contactlayer) 14, — (Rl<£>^Bi 

9, l©*B5H:ilWE«{b«Jit«fU, *L 

•CJB2©*fflfttAS8ftWI (second charge 
injection contact layer) 

f4T/i^ = ?^£fc(*&©ji|Ji-efc3 0 
[0 0 15] fi&©Hlfcffi«fc*S^T, *®^y-7-iiP 

[0 0 16] SfeK8iJ©H«««T?tt, *®^y-7-(4 
ppvffci ft**©— ottlMMfS'y ay*^* 

So 

[00 17] i«T,f,©*lMB«tt, J&l&WB&SVHi 
[0018] #jgJCtt, JK y V— BSf±, Hfc 1 0 n m*> 

e> 5 it m©isa©*&— ftiv&fr*u #s^y v-tti 

sKU-r— ©W-g-tt, &rtK#£-t5#8:#y-v-+T?© 
«ffif^»©a» L * vMtSr»*f 5 ©C+»-e*>5. . 
[0019] #389l©f& 2 ©jb«k ±ixri. 4>ft< 1 t> 
i y -T-a»&4«»v«*fcm£#K©«M* 



«±Cft***, ^l©Sfe®©^K«rfitIiB*»«:e© 
SrirffiiNI#B©JB 2 ©3?B fc« LTRtt 5®#383fciif 

^tjeai-a^ife^fcor, jtfy^-Bia*, !&2©8« 

i S US: B 1 S3 J: rjtgi 2 ©Stt® IS lcH:#«r *» W 5 1 . 
*»*+y+tf¥WfWBfcffiA*;lvC, >NMM*bJI 
3t**Sft5 J: 5fc+»«-fiv»*©^»«ff*-r y -V 
fctf LTV * 5 r i SrlttR & "J" S «JW&3te3*3r-©«jt:fr8: 

[0020] y t jh y t-©£<pm6icjb 

ufc * *?-*w:¥»fr«M4«r>j« y 
u #y^-©#*tjBoxi«v^«iac^rs 

It^©i^t y *Sra»-f 5IB*Sr#y 

[0 0 2 1 ] *-©<k 5/<jK!)-^— tt, 6Jx.tf, R. H. 
7 UV" K(C J: 9 , Journalof Molecul 
ar Electronies4 (1988) Janu 
ary-March, No. 1, ©I3 7l~®4 6l 

[0 0 2 2] *^W©S«8t*5^*=XAtt, £*T© 
ir^DT-foS,, jE©»ftUitt, #y-vHg|!c 

iE©®^-r y -t&aAu *©&«»«, #y^-& 
ic$.<onffi*f*r y -^sr&A-t-s. :ftf>0ffi*tyt 

&8/£-f--5fc*K:, E©^ftWittiSv^ftlfBi»**rt5 

l,^. tot, *©£»*«, 

8£A*m, ^y-7-^agft:li:«L-CSIte> 

ft, 0»«r^L.'r^95ittt%PPJo-t-6rtteJ;oT>Ky 

f$ (doped semiconductor) ^^bS 

[0 0 2 3] gffMc^^U^ hn/i/^^-fe^^^^-f Sfc 
[0 0 2 4] tfclO(D»«UBr4. m^AWtc 
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[0 0 2 5] *£#!W-?>ffiltt, sattt, 
fc5„ 

[0 0 2 6] #y vHR©$e>fc#*U*1^tt£rr*<0 

(ii) *y^-RttftjBFftT*JBt»IBro»#tt, 
ftK*r-r5«lfi:ttSr*t.«'<*-e*>5. 

(iii) #y^-I»*, Mxtf, fttttfcttfcffiiRjftlc.): 

[0027] *wmc&znimm<n-m*, m 

[0 0 2 8] #«#y^HBtt, »aitctt, TE^OxK 
y (p-7x^.i/y^uy) [PPV] t?*>9, TIB 

[0 0 2 9] 

[ft 2] 




CM 



(I) 



J n 



[0 0 3 0] #U (p-^^uvtf^uv) ft'bfMt 

[0 0 3 1] KTm*©J: 5ft»»#®*ll«*r«i-. 

(i) &i<D7*~\symzm&&mzwz&zz>, m 

[0 0 3 2] 

[ft 3] 




CM : CM 



[0 0 3 3] 
[ft 4] 




CM = CH 



[0 0 3 4] 
[ft 5] 




CH = CM 



[0035] ztvurfftm&m$:i>-&tz.mmy*=-i'> 

Steffi L-Clft^ LfcS^W 1 fe5V>(4^tiW±©»©S 

(ii) 'y*-u>m&75>mKzv>w#mx\cm&rr 

[0 0 3 6] 

lite) 



CH = CH - 



[0 0 3 7] ftJffiOTi^O, !S77>ifc7i = l/>' 

(iii) #*07=sl/V* CgL<li_Li5 (i) *>« 
V>« (ii) C*5V>r»W Ufcflfc©*^) Olotig-a-L 

©±5**iiSr^#y^- 

[0 0 3 8] 
[ft7] 



4o 



— (CM = CHJ" 



[0 0 3 9] 
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Uts] 




[0 0 4 0] 
[ft 9] 




[0 0 4 1] BfJiSWitStC^T, ytt2, 3, 4, 

[0042] mm\^ ztib<omm*mtm*<Dm»m 

[0 0 4 3] C*tfe<oa^^*4SPPVBI»fl:«:A3ij: 

[00 44] si ^-Rtt*»inx*fctt«iSKnii 

Sgft/K y ^-^It^^r^Sf^/Si^ J; oT*«# y ^ 
[0 0 4 5] «MB(0*a©PPVR»flsW4, JBMS** 
[0 0 4 6] 

(II) J: D t#WWIk:*hr y -^-ltfr 

[0 0 4 7]fttttfctt, #y (7x^uy^i/y) 
El i fcSl-J: 5 *KJSB*fc*<5^fc#ifcte: «fc 

(II) Wt, *J6W, *ai^/-/uatt, *L<tt^^/ 
(III) fc-frrtSJt*. ^OJ; 
54^^*y^— (III)cDSSJK^ *H/^hftlo 

— t * yytkmcx 9 »«tt»s±»!:#4-r s r t #-e 
2 o om3 5 otoiasiciinR-rs^fc^io^y 

(7x-uyt^i/y) (i) icteftSix*. 

[0 0 4 8] (II) ©fMtelfe tOffiRtt (II 



fc**fM\ *fit D. D. C. B r a d 1 e 

y tc£5 J. Phys.D (Applied Phys 
ics) , 20, 1389 (1987) &&Xf J . D. 
Stenger Smith, R. W. LenztG. 
WegnerCUPolyraer, 30, 1048 
(1 9 8 9) Kffi«6$*VtV>5 0 

[0 0 4 9] #y (7xxl//fxl/y) Kf*, lOn 

V% PPVjgll 5eV (500nm) 

"CK* ^rt5^r A/ if KJtS^i" 3 0 0 
[0 0 5 0] B5ffi^y^-(Dii*SS:5ScHLr, Kft 

saw* bicm<o*mmm&$ii a zz.bti:< v-rjek: 

*/w:7 ^ K^ft J: 5 ICTA"*** /u* 

y rc^n^^-7^> (tetratryebrothi 
ophene) i L"CaRLfct©Sr*^tP. C*t6> 

-f 3 <D \ z»m 4 P P V jR& £ c 5 o 
[0 0 5 1] *tt«^oaa/j:*!9:*y^-<o«cSr«fi8 

-rswswt, #y (7xxi/y) -cfc§ 0 

[0 0 5 2] ^<0»»H, 5, 6-5?l:KP*^n 

Z<DtfV (7xxl/y) <©J!3il4, Ballardet 
a U J. Chem. Comm. 9 5 4 (1 98 3) 

[ 0 0 5 3 ] # y ^-SIMS««tttt, ^mttSS±tc:» 

^6 2 4 ot^«H-c^«!!asitr*«3Ky 

[0 0 5 4] tr=/v«L<«:^>'**ftSrfflV^S*S 

^ t> * fc ^ x ^ u> xt # y i 5 icfi 1 5 r. t & 

[0 0 5 5] j»54*«#y^-RSr»J«r5fc»fc« 
y ^-^r^o i o*fctt*jh,»±©rt»^**ta:T*)* 
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x^mxt> s itnmm^x -*imx*> z> ^<o\ *?m* 

(a) #y (4, 4' -^^-l^^^/l^-U 

[pdpv] m-%<D*~\<'><Dtim&yx.~fr 

(b) *Ky (1, 4 -7x^i/y- i -^-/vtf- U- 
t#L> (l x 4-7xni/y^7x^;H:^i/y) 

(c) #iio*«i^jK*"C^ffi!nix pjtl-efc 19 , *fc, 
(3-r/v^;W7xy) #y-e- (r/^Hi, y 

PkVK 7^7K -O'^VK ^^r^/K ^ 

O) 0 

(d) #y (3-T/^/Hfn-/i/) TKy^-ttsKU 

(e) ^uJ:9t>*#4T^^«:*i-5^y (2, 

(f) *y (7x^vrwi/y) rt^ait^TkiUjB^ 

d^7x fcg» $ y Tir ^ W T 

[0056] *y^-oia!4inxttSr#, 

(«tt&*«ttJI) ±^©K*£ft*i&-ft*»D## 
**fi{c^5fc«6Jc*!a:sKy^-tffi02Ky^-fco# 

[0 0 5 7] *«#y-r-<DBISr»*1-S<oi!:, 
5*3*y^-*fcfi3sKy^-^U'>'K«:ffl^5fc#, 

ttffitt. =i*y^— *.6v^r4aKy^-^uvKo^*-a 

I/-fi/a^L#VHii:IHC^*il»±fc*#V^*0* 
y -rHBffi*rgf*fc l**ttfft fe ft V \, 

[0058] ^mtmftmytmt*, *4ofc/<yK^ 

■t>#*rt*Ji8.- fi£/gtt. #y^Hlttig^WmK£ 
ot^ts^^s-ct^ fcf^tfcttK 

fcflKr**-*-* £ t ft < IWfctt*** £ k #"C# 5 0 



[0 0 5 9] 
[SUM] 

[0 0 6 0] JJy*m^ m*M. ftlmm^lfc 
■ 2*r#rtUfc. ««fSEA»«Jitt, «2 0nmOHt* 

"C«@2mm > RIKt2mm*3,fctfft* i 5mm©HI©¥ 
[0061] 10-25gCO^^y -/HCO* 1 g <Dtf 

y ^-»«<£> p p voflfWBfry * j -/HMRfrttEoilS 

£*BK*y ▼HWKtJHIiU. *lc*©±B«r**Rc 
ftj^ltSO.OOr. p. m. i-TWafl^CttOEItMC 

t*y^-«rK*JiSrK^-7v+, 3.0 0tJ©iH 

•ci2BWouu: 0 i^naot, ffiB##y 

^-ftPPVtC^&^JxfCo #fc*lfcPPVK4l*l 0 
0W3 0 0nm<0»S-C*)ofc 0 j^SAffilS^RoV 
SSrRoav^^^kJioTKSU TRf42 0n 
mggt^Sc L^Lft3»6, #SL^J»$<D*&Hfi2 
0 nmd»b 1 /i m'0>4SI8"C£>5o 

[0 0 6 2] l2 0ifaAg»l5^ PPV 

fc 0 v^tK!)v^^^mu N PPVl^ffii 
— ^SrJgjSU 12mm, TO2mm, f ^ 1 5 

0>JS£tt\ 2 0H3 0nm©|SIt?fccfc o ^OJ: 5 
^LTjE?LffiA«aiMiSr»rtLfc. 
[0 0 6 3] «3?&Ag«JI<0 5 V>ft <Hloll 

■Cfi, *L<ttT/>S 3 0 

mmSATO^.$"C*)5NF^ft$tt5o PPVJiOJfS^ 
fa 2 0 0 nm©**|CBBU «tf5f£A*i itHIV^x 
h n;VUt^©»8l:»tS It V>g|IW:, ^J4 0 
2R^h"e*>5o rogJEfi, 2 x 1 0 6 Vcm _1 ©U 
V>«#£S]yto1-5 0 2mA/ cm 2 ^Dfl;ffi^a(CioV^ 

&t¥X\ faV&X&tbhit, «^©HJ*tt, lOOKHz 
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[0 0 6 4] «*^bffl*$ixfc*«r, *f*/*n* 
$«J£££i& (2 0t) iU 

0. 15eVtfl«4ot6 9 0nmH5 0 0nm 
(1. 8eVH2. 4eV) (DX^? hMBBTJIX 

[0 0 6 5] «JW***J14Jt^Tffiv^*Hft*:fr 
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system, portable type or domestic sound producing device such as car 
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ADVANTAGE - Increases duty ratio by arbitrarily setting sustain 
periods and hence the various problems due to small duty ratio are 
avoided and the image quality is improved. Avoids suppression of 
sustain periods and hence reduces the operating frequency of driver 
circuit and power consumption. 
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ABSTRACT 

PROBLEM TO BE SOLVED: To improve the problems starting with a lack of 
brightness caused by a decrease in a duty ratio (the ratio of the emitting 
period to the non- emitting period) by using a new driving method and 
circuit in an electronic device. 

SOLUTION: This method and circuit are characterized in that signals are 
written in pixels of plural different stages within a period for selecting 
one gate signal line. In such a manner, in the pixels in a certain stage, a 
high duty ratio is realized by setting an arbitrary sustain (lighting) 
period by securing a write time to the pixels and then setting arbitrarily 
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**)mv&zia&, el«^2 i o 3<Dmmt9mi 

mm 2 1 0 TiOlHOEMSftS. J?iJ©*fifc7Jl£,>: L . 
T. n^^Jl^fcfflVifcD, EL*^2 10 3©|£S 

tittaE« t ©raicRft ufc o z. t *> njtgr**. 

t. EL.m : ¥ : 2 10 3<OWLt<ommfc£fr<o> ELK 
ftfflTFTICttp^^;i^*^Vn EL« : ?2103 
ro»«t*tft&*S»2 1 0 7©WCEL«aWTFTS: 
E«-r-57JSd«*ST*?), *<SfflSnx^5. 2 1 
0 411 V-X«^»2 1 0 6a>6A7J$ft*flre (« 
JE) £«&-fSfc»©«#g*T*-5. 02 1 (B) T 
©««fS12 1 0 4©-77©Jftl t tt. «?(ffl«6«2 1 0 

7 iz^ftsn-rnsat. Wffl©ia»*^v^e:it,» 

X-f y^>y«TFT2 1 0 1 ©y- MlffKtt, 
y-^*^«2 10 5*5, y-X«*Ctt. V-^«^ 
»2 10 6#8&£nTV>*. Sfc. E LBSiffiTFT 
2 1 0 2©V-X««t h'W -7JICEL 
*T2 1 0 3©|»a*J, S«-77lC«1««ISi«2 1 0 7 

[00 10] 7^x^^iELr^X7 , WIC^t*E 
Lm^nWl^tZ-O^xm^. 02 2 (A) K, EL* 

Tzmxzn.mtELmTawmow&ZTK?. 022 

(A) *»6»«»*aD. EL*?©»gtt. EL*^IC 
»H*«»C«ttiEH:IIILT**<a:*. .t^T, Elft 

«. iicEL^ictifEn^mtftic^^ram-rscitc 

T«. ^cir, 02 2 (B) , 02 2 (C) KEL*^© 



(5) 
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r*. j^t. EL*^icBiaj3*ii*E«&(w»-r* 
ctizzv. ELmttmnsnM*, oso, els 

*t*vvrtt, ELX?£ttti««ttft*iMfrr«cfc 

lC.fcoTj«t*M»L-TV>-&. 

[0 0 11] 02 3*#MT-5. 02 3 (A) tt. 02 
lC^t5EL*^Oil*fi|!lC*SViT. ELBS1ITF 
T 2 1 0 2 &&ZfELMT- 2 10 3 ©«j£8|5#©**0 
*Lfcfc©T*0. ttfc&*S»2 3 0 1. »«Kft2 3 
0 2. E LBHfifliTFT 2 3 0 4. fc«fctf*©y- MB 
«2 3 0 3. EL*? 2 3 0 5-mStlZ. 02 3 

(B) Kte. 0 2 3 (A) ©@8&©!jfo££#$r-r.&fc 
ft©*jE*8M$te*w?\ d^T. EL*?2 3 0 5K: 

w^isnTv^mjEtvn,, *»KJtfs»2 3 0 i©«& 

*V DD . »ffi2»2 3 0 2©*tt*V GHD (=0 
[V] ) . ELB»flTFT2 3 0 4©7-;x.- PK 
>M«£E*V D s, ELBIW8TFT2 3 0 4©y-Mt 

a2 3 0 3t*iSfflas»2 3o ii©w©m oso 

ELtt»ffiTFT2 3 0 4©y-h • 7-XW*E£V 
CsfT*. uCTIt R?B*59Wi-rsfc«), ELK* 
#TFT2 3 0 4tep?*?;PM£JHV>TV>.5fe©<fc 

U 7-xffl?tt«E©i«v>:s©8i?. h'H>«fii 

«£©<KVtff©S8?<!:TS. 02 3 (B) frbftfrZi. 
5C. E LB1M T F T 2 3 0 4 <J)f— V • 7 — XlBHt 
EOmtm I V CS I &*Z<frZ\z?t\T, E LOUS 
T F T 2 3 0 4 IcSfchStSfta < fc*. 
[0 0 1 23 ^IC. ELHIIOftfWtoVvtBMI'r 

*. st, 023 (a) (oaacsisT. ELWSimr 

FT2 3 0 4£EL*?2 3 0 5i:»;t. KJiJlC&KSft 
<toT, W*? (ELBSWSTFT2 3 0 4i 
EL*?2 3 0 5) *ift*l3*SMItt«£L-K fl£t>T. 
B 2 3 (A) i8a*?©«JE*i!fffSrtt 
^77©35^IC*S (0 2 3 (B) ) . 02 3 (B) C 
*iV>T. V EL tt. V GND fre>. fW^ATOfltttSTrOW 

©W©*JEl::fc5. -3*r). V DD ^6V GN]) £T©*E 

[0 0 13] uiT. V CS *^l:S*fc»^lCOV»T# 
A*. ELSHft.fflTFT2 3 0 4(ipf i Y^;W§h?2J5 
©T. Vqs^E LHEBlfflT F T 2 3 0 4 © L- £ VMMNtiE 
V th .fcDt>*a<&*&. *att3St<b^5. *LT, V 
GS*SSC*ar<f*i. t5£>J. *£*fffll V GS I£<* 
eiC^<1"5i:. ELH»W8TFT2 3 0 4£«if:ft* 
«»ffl^5 5fC^€<^t3. EL*?2 3 0 5£«m.5 
*«8fe^«yc#<^S. EL*?2 3 0 5©J*ftti. 
EL*? 2 3 0 54jm**HMfctt«UT*<fc*. 
fcfcL-*©*, V tt *,**<ft«. 

[0 0 14] ?CT. £9fMlcnfft£#«r1-«&ft. 



SI*. I V G s I W%£<f£?1i&&<D. E LKEftfflTF 
T 2 3 0 4©»f^««lCOHTifi^5. -flic, H5> 
Stt^Oftflstt. *£< 2 0©««{c^5C:i:!6*a* 

EOJ>C±oT«lWt*%**tV>3ISRl«« (| v DS 
I > I VGS-Vth I ) T«5. t>5-Oli. V-X • H 

***ilr>5*»«rt ( I V DS l< I V GS -V tl , | ) T 
*4. £U£»S*.fc±T, E HBftfflT FT 2 3 0 4 
0»^««KOHT#*.T*5. ST. WSHifcWSmfi 
OS 9 I V CS I 02 3 (B) \zMt 

£3\Z. ELBllfflTFT2 3 04tt<g»«l«nrfPL 

-o>*. -en^e.. I v C s i £*s< ltv><£, *«e 

I*. Vj>s*V|\S<ft-3TVK. L^Llft^e, c©a 
ELMWTFT2 3 0 4WI8»«rc»ffl,TV» 

K OSO. EL^tfTFT2 3 0 4#<gftfcttT»l 
f^LT^S»&. E L*? 2 3 0 5 fcamsWDUStt. 
I V G s I «*t*T**fc. 

[0 0 15] S6t I VgsI***<1/TV»<£. EL 

umbt f t 2 3 0 4 ua»mt?awp9-« £ 5 

V EL ^ £ < o V DS ri</h S < T IrK . 

5. -£-©&». lV GS |«:;*:£<LTVv3Tt>. 9Mt\t 
®mUZ<<ft?T<%. ^LTfill. I V GS I =oo»c 

5. I Vcsl ev><6**<LTfc. iMucuom 
ttSifn&Vi. dCT, I MAX tt. V EL ^{ (V DD -V CND ) 
©«r (CCTtt, V GND =0[V]T»^6. V EL =V 
DD) C, EL*? 2 3 0 5 &S!tn5*«t«T*«. 
[0 0 16] K±©lll^«f©St«)i:LT, I V GS I 

*»k**&«ft©, EL^isitnswafjit©^?^ 

£0 2 4K^-r. I V GS | *^<LT^#. ELffill 
JBTFTOLtV»*HME(0ie»* I V th I &r)tt£< 
&Zt> ELKftMTFTJ^iittlgtftO. Wtttm 

nMft*. c©i^© 1 v GS 1 ztijimitsmEtwjzct 

izTZ. 45-LT, 5 6.IC I V GS I &^:t< LTVKi. 

^©ie© 1 v GS 1 *mm*m&w*cbKt*. 0 

2 4*>64W»*aO, I v GS I *JjjWTBBJ&«ffiJ;i5 fe/jN 
SlriWtt. «StE*tS t A/ £«ftn^: V j . I V GS I atj&tTBB 
J6«E*>6IWM6Wtffi*T©«»4, | v GS I ic^r 

««t**^-r-5. -5-LT. I V CS I 7t>W&ffiani££. 
Dfe+»**mi*, EL*?ir«if*X5fl|8i«i4tt, St 

^aefcs&K ^©.k^ic. 1 v GS i sagAsjitt: 

k*), EL*?C«tl*««tl. OS0EL*?©WS 



(6) 
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[0 0 17] 7$T<<-7MEL®&<Dihmz-3^ 

co o 1 8] sr. y- h«^»2 1 o smmztiz 

t, My?>MTFT2 1 0 lay-hjWSS. X 
<f ";?>yiTFT2 1 0 1 ^fflttffi(C)45. T3 
t. 7-Xft*MR2 1 0 6©<3*J «E) a*«Sr«ft2 
1 0 4l::S3t£tt$. &#$*2 1 0 4©«Ett» EL 
K»^T F T 2 1 0 2 ©y- h • V-XW«ffiV C s<!:* 

sfca. mm*2 i o 4©«Eic;f;i;fcft8!W»EL 

KRlJBTFT 2 10 2iEL*?2 1 0 3K«tfl«. -t 
08*. ELJH £ 2 1 0 3*t^frr«. H2 3*^02 
4 *T0KgaTi£'<& i. 5\Z. E L*? 2 1 0 3 ©W 

:?£0EL*?2 1 0 3 * SStt-StaUtti. VcsfC 
±oTHftHflS*. V GS tt, ffifif§*2 
«i«S*aTH*«ffiT»0, •5-nttV-X«-^i»2 1 0 
6<Otim («£E) T*S. Oil?, V-Xfi#»2 1 0 

6<omn («je> *fWf»"r*ctc«koT, el*? 2 

1 0 3©W£*!Wffll-r5. ftSfclc, y- r-«<Hft2 1 0 
5«M«Cl/r. X<1yT>{fmTFT2 1 0 l©y 
-hSKi;, X-f <y^>yfflTFT2 1 o i*^»a« 

«^*2 1 0 4 c^i^nytiffif 
aftttsns. iot. v cs tt. -e©**««f$n. v 

GS^i;fc«Jil;Q*ELBl!]fflTFT2 1 0 ZtEL*? 

2 10 3 kdmt«iw-«. 

[0 0 19] £l±©rt«tcHLTtt.SlD99 Digest : P 
372 : "Current Status and futureof Light-Emitting 
Polymer Display Driven by Poly-Si TFT " , ASIA D1SP 
LAY98 : P217 : "High Resolution Light Emitting Pol 
yier Display Driven by Low Teiperature Polysilicon 

Thin Film Transistor with Integrated Driver " , Eu 
ro Display99 Late News : P27 : "3.8 Green EL wit 
h Low TemperaturePoly-Si TFT " UEiZ^ttiX^ 
5. 

COO20] : 

TFT©y- hftJEOfettft I V C s I ttifnMMEH 
±T*f&J8ft« J EETFa»&, I V GS I OttSgfcail* 
ZZ.t\z£r> % ELX?©!8£;*. SDS. WW*7^-D 

[0 02 1] T^DyBH^te, ELBftffiTFT© 

E^H^ILTfe, ELWftMTFTtELJH^safns 
H«JNBa*&fc-pTLi;'5. -t-WlS^ELS^W^SS, 
aSf5f»M!6^tooTL*5. 02 5IC. ELHMIT 

ELB»)fflTFT©y-h«jE©*gStffl I V GS I £EL 



*?0«a!©y7 7^-r. 0JAtf. ELJBKfflTFT 
OL*l>«tEA«**<«t4t. ELB8WBTFT®y 
-HlcftH«K:flI»Sft*«ff ( I v C s I - I v th I ) 

ELK»ffiTFT©y-X • HW XBHfe«En*««*t 

[0 0 2 2] -E-HT. ELBBWflTFT©*JtttfSt>£ 

xW»%56SnTH*. £©#5ttt. ELBftJBTFT© 
y- httE©«g#« I V CS I PMSimiME£n : <DW& 

*V>ttJS «SMt«e« I MAX] « £V>3 2r>©tt!iT 
IWI*(Wfpr**atT*«. £©»£. ELBftfflTF 

T©y- h«jE©^ffl i vcs i ztmmnE±K) * 

< LTfctt«. E LffiftfflT F T©««M?tt;ot 
«&OV»Tfe. ««Mt»4lMAXK:ia<ft*. «toT, E 
LBBWHTFT©«6^*«MnHfe#*C/ha<HBl8 

-s. euiwi-ji;:. oNWig (ft^kawi-o>*fc 
»w-5vo toFFtftS («teWd*iftwfcje>«rvo © 

IW»atlW*rlTV»*. 

[0 0 2 3] L.*Lfe*t6, Tv^WHd)^, 
C©$STtt2PgHL^S^T€f!ftH. -C-CLT, fj©^ 

[0 0 2 4] *©3-6©— ffiKWJn^trv'^ 

«, j«iLTv>*«»©BB«*fti«iLT, «a*tu-r^ 

W^SC(COV>T»i. Euro Display 99 Late News : P71 
: "TFT-LEPD with Image Uniformity by Area Ratio C 
ray Scale" , IEDH 99 : P107 : "Technology for Acti 
ve Matrix Light Emitting Polymer Displays " , 13.E 
\Z$k&W$tlT\,iZ>. 

[0 0 2 5] *3-^©«HyM:*H*33t£l'T. » 

s. ftmmtttkt* jjwri/Tv>*»i««(w<iPi/T, 

HWSitiT^aT**. r?*D. 17I/-AJWB*. ft 
L'-AJCMt-^WL, ^ffLTH5-9-77L' 
-A»W©»^fi^S:»JfflILT. Hft««aUTV»*. 

[0026] x^;wwi^i:if«i»w*ai:»m« 

W^iC*a«-'&t)-a-) l i:»&ICt3HTtt, IDW'99 : P171 
: "Low-Temperature Poly-Si TFT Driven Light-Emitt 
ing-Polymer Displays and Digital Gray Scale for Un 
iformity" CJR6£tlTV»«. 



CO 0 2 7] TV9)Vffi»tttmmj&.6&*'£ 
ttZtttLT. «H¥ 1 1- 1 7 6 5 2 1 iCfflHS 

tf-y h»H«St©fc«>, 1 7 W-AWMfc 3 ?©1*-77 

[0 0 2 8] 02 6S0R9TS. H2 6C*fJ;5lC. 

17l^-A»m*3O0-y-y7l^-AfiiBI (SF) IC# 
fMf2). ZZT. lOgC-tJ-^U-AMW&SFii 
Hf^dtlltS. 2^iK»C0-y-7'7U-A|iMlCOH 
Tt>B»»CSF2, SF3<!:»?^C:tlC-J-4. 10©U"7 

7V-Afflw»*. ae,»;7HU7s m (t 

a) t-y-^x-f> o&tn (ts) ic^tens. 

SF|Tro^r-f > O&ff) WWI$:TsitW&Zt\Z 
f*. SF 2 , SFsroW&ICiSHTfc^lC. Ts 2 , 

Tsstw&z. tiers. 

[0 0 2 9] 7KW-X (»§?&#) Jffilffl (Ta) Cfr3 

ftmcouraa^-j-s. 02 U3.fctfH2 6&m-r 

2>. flHPJK. *mHS»2 1 0 7£:SHyE»2 1 0 8(0 
«©*{£&* 0 [V] KL-Cfc<. »L<«. IftffiKft 
2 1 0 8©fH££±tfT» «tSt«ie»2 1 0 7 tffiWfi 

iclt*5<. &ai2«2 lost*, zmmxsmztix 

Sdiifcfcs. iroDDrffrDSWra:, #®*©«*?g*2 

1 0 4WlUEfltK:Hfo6f, EL*? 2 1 0 3K*jfc&< 

2 1 0 6£fflUT. m (WEE) *«!*©###* 2 
l0 4K«aUTVK. fcU ®**afc*ttlgK:L-fcU 

EL»!«|ffiTFT2 10 lffly-h- V-XW 

«£E©ig»ffl i v GS i twstmomm&r, 

jEEK&««k3i::-rs. ®*£&jS3i*fc<fcv*|fr&tt. 

E LBWlfflT F T 2 1 0 1 CO I V CS Ut^flTBB««JE«t 
Ofc+tf&^WEK&S.kSlC-r*. ?LT, ±Wm\Z 
fcfcoT. m £«#g*2 1 0 4CSHIUT 

VK. E*±T7^X <#£&*) »m (Ta) ©»# 

[0 0 3 0] ^(C, •tf-X-r-fV 0£ff) MM (Ts !> 
iZ®Z. 7KUX (*£&*) fflW (Ta) IC*3V>T 
«i. *S!f&J6»2 10 7 iftfiBBSS 2 10 8 ©W©«ffi 
SttO [V] ©>R<gK$>ofc. -C-CT, *XfO OS 
fl") »m (T Sl ) Tti, ^SHJtlCfrfcoTKBSC. « 
S!f»ite»2 1 0 7<y»«ieiR2 1 0 8<0|Bli;. «JEE£ttl 
*■©»£. I v cs I a<M^»«JE±0 *>+#H 
^WfEtZ^oT^SiHJSTtt. ELEKifflTFT 2 1 0 
1 1 E L *? 2 1 0 3 icWStoitflffiT, E L*?;WWT 
U&O*. I Vcs I a<£ff§HJ»W£E J; t) 
Kfc^TV^H*™*, ELB»fflTFT2 10 1tE 

l*?2 i o 3 cwmmnr, hs^sst**. *-© 

(Ts t ) ©^Titfec. stf. *«ffiyis«2io7 
tiassas^ 1 o 8©w©«sfce*o [v] ©t*tgc-r 



(7) ftW2O01-324958 
£ffl*©##8*2 1 0 4©*ffll. oSO, IV 

cs i KHfcer. el*? 2 1 o 3izQ.mtmtvz<ft 

9. EL*?2 1 0 3ttB&<fc£. 
[0 0 3 1] W±*U-y-77l^-A«!W (SFi) T© 

iwnras. sf 2 . SF 3 ^v»Tfc, PJ»©irfesfT 
5. tztzu D-zf-f > oam )aiBi©fisia, -77*7 

W-AMWt:J;t>Ta*4. fiSOlt^tLTtt, Ts 
i:Ts2:Ts 3= 22:21:2 OiftoT^*. oi 
0. 2©^S*IC*5J;5»CLT, «f<> 0&JT) 
«IH*«^TV5<«t5lCftt>TV^. r©«t5lw, 2© 
^t^rO (Aff) MUJ©S3 £«*.*©«, 

[0 0 3 2] 7 kut. (#£&*) mmmrt^v 

©fffl«. E LBld^T F T 2 1 0 1 ©y- hlC0f5e©« 
EE^JBSn, ELB»^TFT2 1 0 lt>S*mRMt 
floX%, EL*? 2 1 0 3tt&flTti-r, •y-X5 : -'r> 
CAff) MfW©SBifi<i:|BI«flCEL*?2 1 0 

c««") »im©fi**fsij«frsfcJoT*s. 02 6 k, 

EL*? 2 1 0 3©H^HB»©«teVGND»"H-r«^'f 

5 vzTZti- msm\t, ^is*t*^ot - 

V>£©T, 02 6 »C*HT. 2 6 0 1 te£IH*©IB«R 
»©«fi!VGND*^LTV^. 7HUX (»Sji*) ^ 
W (Ta) Ttt. »fiBE«©«ffi«. ft!««ie»©*tt 

-r> osw) Maw*. f»aBE»©«tt*TvfT. el 

*?lC«iif*<S!tn« J: 5 KTS. 
[0 0 3 3] KM^W^fttLTtt, Tsi*»6Ts3 

ST©-y-x?-r> o^i) aiiBifcfcvn:, el*?*j^ 
frzit&frasMz-Duxiiim-rzctiz&r), was 

o «M©ta*-&to-a-c«to, 2 3=8ao©^fl-«fM 

©SSiSiSr-SCt^fflJfeSfc*, 8PBf»l€r^T?S 
C©J:-5lC^fTO|HI©Sfi*fiJfflLTKW*S*ff 

[0 0 34)36 CI»iSSc&18^-r»&tt, 1 7 V- A 
»M©#»R£»?>LTUm;r.fcK 17V-A»IW* 

DiH©-y-77 v-u\zim\z>m -9-x?-f > 

OSff) &ra©6$©J£i*l*T s l : T s 2 : 

T s (n-1) : T s n = 2 fo-1) : 2 (n-2) : 

[0 0 3 5] fc£L, ^1"L%-9-Xr-r> OSff) ffllW 
©S3Sr2©^€*©ifci:L73:Vi»g-rfe, ffimWR\t 

[0 0 3 6] d©iplc. t>-7 , 7l^-AK!IBI&7l<VX 
(**ii*) WWiU-Xx'T^ OSflT) MMit^MIIL 
TV>S©tt. C^ff) »iW©fi3SS*lctt 

ST*s«tac-r5fc»T»*. o*o, mzfmt 



(8) 



&SR2001-324958 



Xt^> O&T) JHW*Rjrr*Ci*«Jt6£fc*. *> 

u «m*»«i/&«»^fc«^, -yxx-o own m 

-A»W©7FV* «£&*) WM4«a:oTl/$5 
C, E*K«^©«$k;WifTfcnft<fc*. 
(0 03 7] 

WmWlkL^ttZWm 'A\z, it. fcH¥l 
1 - 1 7 6 5 2 1 KttifljattTH-SfiBS, t3*D. RUB 

(**&*) MWt-b-Xx-f > OS 

ct) mt\ztmtz>tt\z-o»T, *©rajas*i£^ 

CO 0 3 8] 7 KK* (#£&*) «n (Ta) 

©, i7i/-Ajp^c*w-aa»«woi(* 

(SIC. 17P-AWfc*HT. U-Xr-f > C«r) JQ 
M (Ts) ©£traW©i&J&.5»&a«|s*h ^£0. x 
a-T-f -JtoFSO [J6] T»tl«, fa- r-f-tt** 
100 [X] ©*£©^#©W&L>W§6ft&v>. « 
U 10 0 [%] ©«#<i:FI»©»KS»fc.v>*£K: 

li, EL*?lc2«©*»£8trt-#®a<*S. 
[0 0 3 9] »2©BljaatUTtt. 7KP-X (»£& 
•») m* (Ta) <t»C. «^©£H*^©#£&**|* 
7-r*&®a»Jfe£fc», K»tcia&S:»rf£S-e-a&Erit 
fc-Siv^ChTS-S. ®S&©SWea<BV>»£-«. 7K 
WW (Ta) A<g<&oTLS5. * 

[0040] »3©w«s&i/rtt. sssR&m^-r;: 

T7KW7 «*&*) MIH (Ta) *t«<&^TL* 
•5. *-©«*. 5 s a-5r-f-lt««>ha<ftrjTL*3fc 

[0 0 4 1] ftUmWktLTte. m&G^tzt 

«, ■y-^7v—AMwc^rs»*» j f-r^S!i«* 

*. ■€■©«*, 7b*U7, (Ta) ©R 

[0 0 4 2] #fi&<0*.3f3.f!im&K.&Zt, -?-©*»# 

Ta-7V-it©l6Lh££lU S&CttHMlBaft- 
ff«S8SC!i)»fiVi»§-(cfc-h^a-y-X7 1 '1 , > «WT) MID 



[0 04 3] 

[HtB£#i*-rsfc«>©3Na] ^smonurtttt. y 
•to, iy-MM*wuwwc. mzm&m 

STORMS:, ii*'\©*§ii*R(BI*fl|«L/&± 

5. tf7x-f> GOT) «««£«R:tttr6!:t*«T 
**fcft. fa-f^-M, JW»«*±**1 0 0 
[X] $T**<T*Ctd^T$S. ioT, fi-r 

[0 0 4 4] St. *56^©BSWffili, 7FV-7 (ft 

£&*) »Ma*S<fcofc»m:'b-9-75M' > 0&T) 

fl") ]$PJ£W«TS ««tL/T. raws 

BcWMtt^MfiJitifte. *fftft?j£/h 

[0 0 4 5] KTC. *5?P ©«?£»& JclflrmS 

obws ©awtfca v»-cia«r s. 

[0 0 4 6] W*«llcEil©, ^^©W^KOTB 
9lJim\z£.Z>t, lffl©7U-A«IW«nS©-9-77V 
—ALIBIS Fj, SF2, • • •, SF n €*TU niffl© 

WE-y-77 v-A»iMtt-en€n7 k («*ji«.) 

»WTai. Ta2. • • •. Ta n i. «f-f> OS 
ff) WWTS!, Ts 2 . • • -Tsni^WU. ME& 
7r-f> MOT) WW©fi^*, Ts i : Ts 2 . : • • 
• : Ts n =2(n-1) . 2 (n-2) . . . . . 2»iLT, S 

m^vmm<ommyjm\z^r, nmami-9-7 

7 AfflWlffl 5 <thl fflOWE-y-77 A 
^r-f > OjW) »W*«Wtl/TV»6»III«rLTV»T 

[0 0 4 7] f»^S2lcE<R©, *»EH©«TSfil©B 

mmz&St, l®©7l^-AWMttnH©-9-y7W 
-A«WSFi, SF 2 . • • -SFaWU nfflOW 

E-y-7 , 7u-A»wtt^-n^ r n7F^x (»#ji») « 

WTai. Ta 2 , • • - Tani. 1f-*?"f> OSUT) 
JBWTsi, Ts 2 , • • • Ts„t«:#L. fiWB^Xx 
-f > OSm MW©SSS. T s i : T s 2 . : • • » : 
Ts n =2(n-D : 2 (n-2) . . . . . 2°t\,T, 

*?©jSff^K©S$*feJffllUTntr>y K©»aftijffll& 
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[0048] ffcfcg 3 KEtt©, ^WO^fSKroB 

-AMMSFu SF 2 . • • -SFnSrWU nfflfflltt 
Etf77W-A#M(*WE r ft7Kl';* M 
IWTaj, Ta 2 . • • -Ta^, t^rO OSff) 
fflWTs h Ts 2 , • • • Ts a tmU ME-*7x 
-f> 0&T) »!W©£S£. Ts 1 :Ts 2> : • • • : 
Ts n =2(n-1) : 2 (n-2) ; • • • ; 20£LT, S55ft 
«?OjiWnWlO**ft»WPbTn fcfy homMfft 

rai*j©«R©y- h«^«s&j^a%iffl©-*7y- h 
tc^T»a^<Tfe i*©y- h«-5«K©»*&#*» 
noney- hft4HH*Mmftc£73 

hm*mwm*iL&miwm wtv^ \z vx*> & 

[0 0 4 9] »3fcg4lcE«©, *X9fO«73nC!>B 
-A«WSF b SF 2 , • • -SF n S:^U n«i©W 

E-y77U-A»iiBi«^n-e f n7Ki/x jg 

WTa,, Ta 2 . • • - Ta a t. ^Xf-f> 
JWBTsi, Ts 2 , • • -Ts n i«ru WEiJ-Xx 
•f > GSff) MW©fiSS. T s i : T s 2» : • • • : 
Ts n =2fa-D : 2(n-2) : • . . : 20<!:L,T. g&ft 
*?<DMSmWHD&-Z£tomLXn ify {-©BSIfWIW* 

wrt©a«©y- hmmm&.mwm®<D-z7y- h 
ic^viTii^< Tfe i *©y- h«^»'\©«grji^f 

frfcft, *<Tt>m*©*fEy-h«#i»'v©ffi^©# 

money- hft^assodiawj^Ts 

ft, £fc*fltE-tf7^-A«irBl©iKrE7h*UX «s 

*«*^*rwiia*)«m*«rbTv»T i bAv». 

[0 0 5 0] »2RJS 5 KIE«(0, Jlc^om^att. 

y-««m»t. y- hA4HunHB»&. * 



■y-77P-AfflWSF|. SF 2< • • -SFn^U. 
nffl©WEtf77U-AJCIin»**ft-?ft7l*l';* (»S 
&*) fflMTai, Ta 2 , • • • T a n t. ^x'T > 
C&ff) MHTs|. Ts 2 , •■•TsjiWUJt 
RV*7-i> 0SUT) J8ffl©£££. Ts i : Ts 2 . : 

• • • : Ts a =2fo-D : 2 fo-2) : . . . : 2 0tL 
T. gS53t«?©jSfl-^ffl©S$4(W{BlUTntfy h© 
IWI«W4lf3«?«lKfeV>T. nffl©*lrE-y-77U- 
- A«IW© 3 £'J>fc < b % 1 ffl©MEtf-77 V- AJ8M 

[00 5 1] fflURis 6 KIEtto. *36W©*^Battt, 

R©gf»t*7-*<? h 'J *XttKMa*ifcMW&* 
rtS«^»«T*oT, m©7U-AJWH»4nfl© 
U-^7W-A«HSFi, SF 2> • • -SF B **U 

nmatiHRV77u-mmttnzh7 tux mz 

>i*) MWTat, Taj, • • -Ta'ni, 1>-^T-f> 
ftlMTsi, Ts 2 . • • -TsjiWU M 
E^XT-f > (OSD «m©fi$*. Ts i : Ts 2 . : 

• • • :Ts„=2(H) : 2^-2) 2^tL 
T. S^t*^©jSffRfWofiS<£WffllL.TnIfy h© 
PHBWffll&ff^W^BlCtsViT, iJ"77V'-AMIB]F*? 

©«*©y- h«^«a^m^mffl©«jE-9-7y- h 
ic*v»Ttt^< rfc i *©y- hd^iS's©*^^ 

frfctt, ^<Tt>m*©lWEy-h«^iK'\©fi|^©# 

ta*^ i <a©wEy- b{gmmmm\z&7 $ti 
coo5 2] »*g7 ce*o, t-movmm** 

^rr*fti c «iiT»^T. mo7t'-A*nttn«0 

•9-771^-AMMSF!. SF 2 , • • -SF n *#U 
nao*E*y7U-A»Btt«l*n7F^ 
ii*) ^WTa|, Ta 2 , • • -Ta n t, ^-r-O 
C«ff) WBTsj, Ts 2 , • • -TsnitWU W 
EtJ-Xx-f > OSfl") MMOS5*. T s i : T s 2 , : 

• • • : T s n = 2 fo-1) : 2 ("-2) ; • • • ; 2 0 1 b 
T, i^Sf^WjgiTfifWoSS^tJIHIUTn My h© 

\z^x\t»<, rt) i *©y- hm^«ft'N©«*iii!).dJ 

©flrElW- hA^»S««mWTttSft5lWEy- 
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co o 5 3] f*;RJS8KK«©, *mwmfwm^ 

■tf-7*7l/-A»MSFi, SF 2 , • • -SFniHrU 
n«CDWE-9-^7l^-A«B»4«l*n7l«^ (*t 
&*)$IBTai. Ta2. • • -Ta n <t. -^XtM^ 
OSflT) MMT s |, T s 2. • • • T s a t*&L. #! 

> WOT) »|B!©ft3*. Ts i : Ts 2 , : 
• • • :Ts n =2(n-l) : 2<>tU 
T, S«3W?OilMrBWI«!)ft**«M»l/TneyKD 

V»T«*<Tfe l*«y-h«^^©» 
lttEtf7"7k-AMHJ©llflE7KW7. (*£&*) MW 

[0 0 5 4) »5&I9K:E*©, *»?9CD*^iItt, 

U ttEV-XftWRMBW*. 4>fc< 
£fclffl©3Sl<&^7hl^X*®8fr£:, rv*)W 
•*«K*r*ftl©EIUni&. KS§l©E«®»© 
ffl*«^«E«T*j(! 2 ©EltOHi**** H 

S»tt. ^<<»: ! feHHO|B2©->7M^-7X^li»i:, 

tt» i«i©/t5'73'Ei»a:*^r-r*y- h K!M 

/t®»S«8UBV»-Cfc!J, ljl©7U-A»WttnfflcD 
1*7*7 Iz-AXMSFi. SF 2 , • • • SF n «rU 

*«mHO'y-7*y-h«<Miwmp**u atrreit7-y 

- h»<HBWUWI"Jlc45WTtt#<T%> i*cy- Hi 

l«h««*K!««aMi i fflcofltrEy- h{g"t«s 

l ©x-r y?HH»«M/T*tana©irtBV 
-X K9-f /«&MNIdni«tu i*«D«rEy- 
Hfc'fiKtejB 2 ©X-f y ?m&&t- UTft^mflOfllrE 

^j»B»®»»4»7Cb Xmfl©ttEV-X K^-f/tffilgS 
WEy-Mi^*m0Kr«bfcaXmflffl|» 
Ey-hH5-f;W*#U ttCffl©X'fy7DB 
14, lfl©Hyhf ! -^»Sa*«IBC*V»T. «5W 



cfiStts*ifcma©i»Ey-x h*7-fKOBco^-6 im 

UTSUffl V-7.«^» tfttt L,T«5©» i* 
&#£fTK HWE*2©X-fy?HS»»i, l®©-77"y 

©WEy- h I 4 7 -f AUK© 5 S lfl ©#«8& LTStr 

»y- h«^«itt«LT#^©«*a*«fT 5 ct* 

[00 5 5] 

[fEW©*Jfi©»«|] 02 7fJ. *ffl?i©SSi«©$JS© 
-ft»*wbTViS. 02 7 (A) fifl^fllCD^H 

-c*o, v-xm^sue»![siB2 751, y-Mi^« 

B5»lHia&2 7 5 2, ii*8f52 7 5 34*rbTV»«. *$g 

^©^atiLT, y-h«^»s&»ra*«s©-if7-sB 

WK#fflT££#»g. -€-©fci&l::, y- hfifMUBM 
0Btt, ->7 h l^^^@K~A<y 7 7 SfcTtttfcfcOD'fe 

©imrrr****, /^^©Ha^ty-Mm* 

tfflWCS«(H8& (SW) **U-0>«. ->7M/S?X 

n (br^-t) . 3^m»ictt, k>i liotj-yy- 

«HaK«Sf3(5© i fe©tPI«-Cfi<. 7D-y7«^, X* 
-h/^7,*^A7J*n5 «**■**) . 
[0 0 5 6] 02 7 (B) . (C) *JBWt, jS&HSfr 
©■MPfc^VJTRWT*. 02 7 (B) tt, y-MB^ 

»s««m* 2 o ©-y-7-y- h«^«s^«MJc^-r 
sa^cfflnaajyaairawr*?), 027 (C) «, 
y- h«^«as?wM* 3 -7©-y-7*y- h«^«s«*8 
WK««rr««ftc«vj*wi0*©«T**. v^-fn 

©IlIBCii^T'fe. A^7rffi7J^;i'X*««8R©NAN 
D®KlcA7J^n. 1 (02 74" , fcf>*t«»C5 
HA, 1 1 Bfe<til^l 1 C~ 1 IE iiLXm 

«4«-NANDH»Tt*CtK:J;t»T, +J-7"$!»!©»- 
S«€:ffoTH-5. 02 7 (B) (C) \Z*??4S.>>f 
^•f-ht^Vi, NANDtB^«-f WX-^Sr^UTy 

fcjt'L. 02 7lz*HT. fll^C0Jtat-.t 

HTfeAVil,, -f >n-9 2 7 0 3 , 2 7 074j§fc^ 

[0 0 5 7] ^Cfc-plcr^itT, »-57'-M§^« 

Mgvmtz. ***2*©y-h*^ai©»o(!M*K 

[00 5 8] 0J£LT, y-Kffi^»SS?MfBl*2O03 

T-5. B3 2 8IC. ^-f3>y^A—h-**-r. ■y-7'y- 
h*^tRa«aim(D»tt 2 •dt**^?,. y- h«^a 
»RjBMKRm«R$n*y- h«^«t.psi»© 2 a-? 
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(0 0 5 9] HMftWUBBlKfcttT. i ft 

g©y- hfl*Hft& kftS«y- HM»*«P»C»R 
ZtlT^ZtfZ. fc«U iaB©y-M8*«W<* 

steal* sn-cu-c, x^v^>{fmT?Tt^mmm& 
cfteonii. y-h«^s&MWitt¥©-y-7~y-K 

»*ftc««»ntt. y- w^mmmfrm? 

WOlffl*. -3*0 iftI©y-MB*HtoWBRSftTV» 

a. 

[0 0 6 0]ftv»T. i + lftiik+ iaB©y-b 

«^»*^«»cas?ans. nc-cfe, i+iae©y 
- Hwaay- hmm8MKm<om¥<ov7>f- h 
<tmmminnMT!<D?).Mft2ti, k+i»i©y-Hi 
msaty- h*^«s«»Mo^¥©-y-yy- ha^« 
wmm"ro*wian*. i + 1 a§ coy- 
awurn-cvw&fcK:. i + iaa©is*c«^**»s 
a*n«. k + 1 ftsoy- Hra«a«wia*n:v»* 
use. k + imB<DMm\z{gm>i92&£t\z>. mmz 

LT, i+2ft@. k+2ftg©y-MPHfcffinR3 
JIT, iftg*£i+n (ntt»k) ftS«HRlsT* 

-o>*y- hft^KHR/^«ff i ©y- h«^«a 
Ttrv^y- hft*astt/via«jB 2 ©y- t-m 

(0 0 6 1] **tC**Ti6*WlfFrsi. 56 1© 

y- hflMWOK/wx «, ^**r k a i ©y- ub-«* 
ftciittr«. mm:. jB2©y-h«<HKWfx/i»x 
a. wriftBoy-hfli^iciiiftr*. 9i«ft« 

(00 62] ELhtt, y- hfPHRSlKSailfl* 2 0©tf 

7-y- hft*ft»uni!c#« u 2*©y- ha^r 

SrHRLfcW&T**. 1 y- hA^KHRXmrtCm 

a (m(in» ©y-M»««0w*«frc»*. n 

(0 0 6 3] «HT, HW^ac-pVi-ORWr*. *56 

w©»TSi«ic*v»T«. 5*?*;utfHeffmmie*. 

COO 6 4] uCTIt fBm©fcs6, y^MHRfctt 
fB3H««k«:fi*^te-e-T, 3 h©RH (2 3=8K 
IS) «SET*«fi-C"3V»TB»M-*. HI (A) . 

(B) tZf'f h&RT. 17V — A88IWS: 



3 o<dv77 v-ijm S F i~S F 3ic^scr*. SF 

l~S F3©SS3li, 2 ©^gJRTftj£2ns. 0£D 
£©»£. SF| : SF2 : SF3=4 : 2 : 1 (2* : 2 
• : 20) ifc*. 

COO 6 5] ST, M9«>#771'- AJ«IW»C*V>T, 
1SW^W*CA**X*JLTH<. fc^bd©*^. 

swcy- h«^fiA«i^3n5©tt. w¥©*yy- 
hA^sijisyam©*-?**. at^o^yy- sa*i» 
BKSPii-tt, y- hfs^«©^ttff t.nr. ara^s 
©^©ATjfcffbnfcu. £©»#*, las^ea 
MFasTff^. ciciT. 7Kva «£&*) «na. 
ifti©y-h«*W)W«RanT*>5. «*a©y- 
h«^fcwwian**Tr©«WTr*6. tot, 7f 
nw©fi$«. H©y-^7k-A«« 

COO 6 6] ftHT. JB2©*^7l/-A«BKA*. 
CCTt>H«C. lftr*:?IB*fc:A*W«ArtS*l*. H 
©*&%, W¥©-y-7*y- hfg^«SJ?MWlc*V»T© 
*<ft>n*. C©lrf^*. lftB*»6«(«a*Tff3. 

co 0 6 7] now. ±wm<n®ffim\z\t, hsabe 

**a«IOSnTV»*. ioT, »*^77l/- AJBIWKfc 
W«lW©-!J-XT-'f>-<jWr)-J«Btt, »6t>-77U- 

77 u—AMMK:*v>TiH*K:«^*t»*a**i»»6* 

CO 0 6 8] «UT, »3©'9'7*7l<'-AJBWfcOV>T 
*r. »1, ^2©+^77U-A)!IIBli|Rl* 
C, »¥©*7'y-h«<HK«)ailBC*UTy-h« 

T**. r©«^, «Kft#i&©B«^©A^©«*& 
«-*»J&*S«rC«, TTI^©7V'-A)aWT© lftB 
©il*'s©«^a*»3W, ^>*D7KU7s («*ii*) 
«nBCAoTU*oTH«. •?■©»*, »3©-^77l^ 
-AJ(PIC*^*«Ka#ififfliB*'s©»ifii*t, ^ 

©7 u-AMiffl©jB i ©y-77 u>-AAnefi(t«tt¥ 
©**H*^©»*fc*a«Mrt-* c t icft*t>»*Tf* 

2>. l?I«flcM)a:5 2a^©A^*S&S2a©H*K;iE 
»«C»*atJi:4»3rC*a:V>. SP53©-9-77U 
-AMffltc*v»T«, ^¥©1t7y- h«^»a^»!M 
cy-KA^tt^i^UTVKCtlC-r-5. T-St, « 
1«^77I/-A1I1I (£©-tJ-77V-AfflMtt5fcffl7 
U-A»!W»C«LTViS) Ttty- h«<MIOWlB» 
¥©-b"7*y- K«#«jWO(Wfc*V>Tfft>nTV>**> 
6, P3RCSfc«.2a©iS*cft^4S££;wtff*>tt 

[0069] 6Lh©i5('. *9momm)smzi»^x 

»4. **-9-y7V-A«|IHC*W47HUX (»€fji 
J» «W*t, SiJ©-y-7 _ 7^-A»iiBIlrfeWS7h*W7> 
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etc* 9, m\zy-hQ5»<DS&9'(*>>ft)im 
*) Nmnzft«nnc. »J©fTT»iEL»?*^trs-& 

COO 7 0] 

[0 0 7 1] [«««iil]*«i«iJ|ciJVJTtt, 

(00 7 2] 02 (A) , (B) *#JBt«. 02ttl 
7 l^-A^KS 5 t)<D-9-77 l/-Z»JOTfc*HMLfcllK> 
5 >y5 L r- y~MI 

&») KBWTa5*«J:aC^©7l^-AfliW6DTai)i»m* 

C00 7 3] ltJO^tttLT. SVv9-77U-Afflra 

0. C©(BJHS«!ftr*c:i:*tT#?). 0 3 (A) . 
(B) £#11?*. B3ttH2tH«, 17^-Afflffl 
* 5 k-AMWfr^a LfcSKCD^-f 5 

■V-h&^LTVi*. ■tJ-77l/-ASIW©JS^S, SF 
l-SF 4 -SF 3 -SF2-SF5tbT. SSCtfr/y 
- h®**Bm$Wm<otil¥t&¥izif- MHHttft© 

h«^taa^wp»}T(i. 7h*^7 

«i!W8i^Tnav»ct*tto)i»* (03 (B) ) . # 
V?y\/-&!m%£Xt7\ i UX (Si*j2.#) MIBJcDfi 
3»±0 2ltSLfcfcOD<tP3«TNfcsat. *S©««1Jt»L 

[0 0 7 4] [mmm2]*mmmzi5ux\±. mmi 
tttmtz ! m\zxwm.Tzji&\z-v^TRwtz. 

[0 0 7 5] H2(C*»T, Ml,TV»*7FI/X (ft 
£&*) JSWte. Ta 5 *5J;a^CD7U-A«llBICDTai 

:/y-hffl*«WUBWC»MU «^©#t*£**. 
*1. SS2. *3ffltJ-7y-h^l8ta«MWtcSi3^ 
ItSuiTStJIi**. 0 4 (A) . (B) &»mr 

a ( , Taj, Ta 3 Tte^©«€ii:*&fTH, 

7y- HMiaBHn«Cfcv»TttT a 4Tit^©ft$ 

ii**ff v», IB 3 ©ti-yy- hmm&wm\z&»T 



(JTasT^roft^ii^^-S. JBr&iLT, 04 
(B) lc*T±3£^5>yr«^©l$&*a^fc 

[0 0 7 6] *HM#IT&9! LiZfim\Zi:Zt, y-h 

«ss?jciuj^<^o, fc^oftg&^matMiO-r* 

WXYtrVVZ «£&*) «8H*«S<. 0#©tt-? 

ft**fft>T%«tr*«»*t**«#jfca 

[0 0 7 7] [*«ffl3]**16MK*V>m 7 KK* 
(**&*) a&IWcafc*. SIGM«l*£taHM2& 

[0 0 7 8] 05 (A) , (B) *#Hrrs. SF 4 , 

fran^x (ft*ii*) Mm©ait«B3E?«!:& 

-C-CT, SF4. SF5S-* y-fe 
yh»MTr4. Tr 5 £i&H-*>. Vty H8l«]#tt. E 

tt. ft^iitMtJE*. fiy$#*lC«ffi*ia»Sftfc|,>a 

MET*. flW«B*lc»*iM/W»6, HWE'J-feyh 

7V--A8IMSF4. SF 5 ©fi3£MffiU #7KUX 

[0 0 7 9] *|dlWT*W , ft2r**JBV»*fc. U*s/ 
h«^©A?J&. *t7h'U7 (fttii*) jawA^n 

*<17V-AJWB|*!KJR*5ft:V»«#fe£»c. RfBlia 

[0080] 4] mmw i - 3 (c^v»Ttt, mm. 
Mm\zmLizti$D<D®w*fguz£oT* rawt^o^ 

aa*nia-r«^ffiic^viTK?abT§it. 

t, i y- hm^»aRMw * 2 oo-y-yy- btimm 

[0 0 8 1] 06 (A) mmt%. S«6 5 0±C, 

v-xm^«<B«)[ii»6 5 1, y-h«-%«aE»[§a6 

5 2. HS58S6 5 3AW»$tlTVi.5. 06('*ViT 
ttu y- K«^»K«iI518&6 5 2(ii^«E«tUTVi* 

^atLTtt, y-h«^«»*w*iff*fc0 2*a^ 

TUS&T**. 0 6 (A) I^Ufcft^SS 

IC*tf«B»iaBOflMi&H*H3 4IC*r. 03 4 
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(A) B7-XflMlttB»B»Ti&9. i/7b)/i>Z9 
~N AND~JB 1 ©5 v ^®»~JB 2 ©7 v^EB-Wt 

„ 7 r ~y-*rB^«ti^-at©«Btta£*©t>©t 

[0 0 8 2] 03 4 (B) tty-h«^«UB»0B-C« 
•5. i^h-W^-Z^rtiirtSTtt^WllBi 
R*T&V>. Ay7rffi^tt. 2OWNAND0BCA 
?j3tl, S-NANDEJBT. tf>9, lCfcOATjSn 

ff«W (Ga t EL i n e A43.fctfB) ^tUirt^n 
■5. dfttt35J®£l§©JBT, 02 7 (B) ItTwbfcfc 
©£|i31*ffllW£t*fcLT&V>. iy-hflM* 

[0 0 8 3] 0 6 (B) tt, iS38|5£ffi*jfcKLfcfc© 
^U»»6 0 0 TBfcn&«#T&l 1 K*T* 0 , 
SSlWX'f 7f>^TFT6 0 1, 3B2©7x-f^5 1 > 
^TFT6 0 2, E LBUlfliTFT 6 0 3, ELJt? 
6 0 4. £*Sf$*6 0 5, j6l©y-M3*t«6 0 6. 
82©y-HI^«6 0 7. 7-X«^»6 0 8, «tft 
ftBtt 6 0 9 ZGTZ. IS 1 ©y- hflH9ft 6 0 6 C 
te. 03 4 (B) iCiSLfcGa t e Line Ai»6 
fflWrtHiJiW) S*U IB 2 ©y- Kft^B 6 0 7 IC 
It Gate Line Bfr<b<Dm$./VVZi)<?jl2 
ns Grc<fe«*>fcv>) . 

[0084] vmxmv-wt lt«, ssj8«y 1 ©«t5 
\zf- vmmamym* 2 ^©-y-yy- h«^«aw? 
«mc5MH-r*»frc, «¥©y-h«^»©s 

sa^s. W¥©-9-7y-h«^»aw«iiaiicy-h« 

^J6*S«-T5«^lCtt3B 1 ©y- h««HR6 0 6*6 
«#£A;'7LTjS-©7W-.y^>J> r #TFT6 0 1 £B 

»u aq*©u-7*y- Mg^»a«»wicy- bmmtk 

£ffll?Z>m&\Z\tt 2 ©y- 6 0 7 # 6ft* 

£A7J LT3S 2 ©7W v ?->#m F T 6 0 2 *B»T 

[0 0 8 5] warn s]*mmr&, *m*>mm 

B**f*EL (XU£ hn;US*«/-fe>X) 

[0 0 8 6] 07 (A) tt*£H&liV>fcEL&KSa 
©±W0T*S. 07 (A) C£fr*T, 4 0"0 1te£ 
*. 40 0 2«iSS8S. 4OO3ttV-^fl|^«B»0 

B. 4 0 0 4 «y- h*^«JB»iiH!85-r* d . *h«h 

©BMMIKttR»4 0 0 5. 4006. 4 0 0 7 
T, FPC40 0 8C2D. *M**S^ifflfcSft*. 
[0 0 8 7] not*. '>fe< ffeiSSffl, ff*L<tt 
Bft!lI»SO®*«!!&ffltrJ;^(cLT*/X-«-4 0 0 
9, mS#40 1 0. ->-'J>yfc (/v7-7>^#t% 
40 11 (07 (B) fcBR) m\-)t>hX\> 



[0 0 8 8] 07 (B) te*»I0J©EL&jS3i 
«©Bfffi«jfiT»0. &K4 0 0 1. TilfeflUO 12© 
±CBliilKJTFT (fit. CdTttn^v^PST 
F T t p ^**;HiT F T**a*#fcii-fcCMO SgJB 
£0*LTV>£) 40 1 3Xtf®*SUBTFT40 1 4 

(fiL, d L*T^©fffit£*Jffll-f £ E LBft 

jbtfttsw^ltu*) Twejfcsnr^s. cne> 

©TFTtt&fl©«iS (hy7y-Mlli6**V»tt#h 

[0 0 8 9] waom&jm&m^TBmE&MTFT 

40 13. H*ffl5^TFT4 0 14*^Lfc6. fcfffi 

tm-rrttsinueMR mutw 4 o 1 s©±cb* 

8W8TFT4 0 1 4©Kl"f >t*a«tcK«-r«a?8 

i*««Tfc3iI**«4 o l 6Wts. »53i**« 
tLTtt. BMt-f >-77AtBMt7>Xt©[t#« (IT 

0 £D?«n*) SfcteSKt-f >i?7A tBWfcSffit ©fk 
■&«S:^V>SC:t**T*S. -C-LT. BS*l«40 16 
WWt6, ttMMO 1 7£®fi£L. OS**ff4 0 

1 6±lrBBP8B*3gfi)t-r5. 

[0 0 9 0] ELB4 0 18£®j£T*. ELM 
4 0 1 8tt^3I©ELtm aEJLftAB, JE7LM3B. 

mtm, ttT»s6Ji*fett*?ttA«) *g*»cfi*^.. 
fo-»-^Mi«jfiifcJi*»*j£t-rnKa^. e 
LS»i'«^?**mtS5^» (#u-7-») tm 

[0 0 9 1] *HJfifl»JT». H^TX^*^ViT» 
*JttJ;r)ELJl4 0 1 8*^fi!tT-5. ->rl*9VX^ 
*JHV>TB3(MIK:Kft©Jl**»t*n5Iliase3tl Gfc 

t. ^^-asA^iftet**. -e-raMc-fe, 
(ccm) t*v-7^;^-£a*-g-fc-a:ft:^i. e 
fi5Bai * 7-7^ ;i-^-^ia*-&to-a-fc^a* l »5 
at^rnra^ftsffl^T'bav*. *fi»3t©EL 

^S«fr5CtfcT#5. 

[0 0 9 2] ELB4 0 1 8fc$j£Lfc6. ^©ildSSr 
S4 0 1 94^fi!t-rS. »«4 0 1 9tELJ»4 0 1 8 
©IH5C#«ET*7K^ J ?>»D{«ffi^^|»LT*< Ci* 
S£oT, K^*TELJi4 0 1 8tf»S4 0 

1 9 **KJ5HBtT 5*. EL14018 <£^ffitt»Hg( 
TJ&£L. ^5«»Lav>Tfiffi4 0 1 9«g^T«t 

-im. Wxjr-y-M&s ©bBB^SS^v^c 
tT±i£©J;5 fcfi&8t£*mt-r-5. 

[0 0 9 3] 2|sj«st«iraa»a4 o 1 9 tLx. 

L i F <7yfc»WA) BttAl (7;U5-7A) St 
©WH«a*JBV»*. H*«fc«ELl4 0 1 8±K«f 
fSTl Em] JS©L i F (7y<tU^7A) BtSftSfi* 
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l, -tcDjiC3oo in] m<o7)v 5 unmeet 

fc&K -tl/r»S4 0 1 9«4 0 2 OTiSa**** 
K43lr>TIE*4 0 0 7IC]fcSt2n*. 12*4 O0 7tttt 
S4 0 1 9l;^©W£E£4ASfc»©««T*0. 
#mtt^-Xhtf»402 1*^UTFPC400 8IC 

[0094] 4020 (C^dn;tfll«tC*lr)Ttta4 0 
1 9 iR*4 0 0 7 ££«WWlCttirr ffPO 
KWR4 0 1 5Rtfte«Uo l 7ica>**h*-;k 
*»fiSTSiW»<**. ^ftSfiMWBfttUM 0 15© 

*mm4 o 1 7©xv5 i >d^ (ELjf)gfi!a»©HD 

fficOJBfiliKf) IC»fi!tUT*5tt«AV». *«!t4 0 

1 7 &x^^>^r*Kic nm<»wat4 o 1 5 *t- 

iS-C^y^>ifhXh&^. £©»&, JPIKttftlMO 

1 5tj««4 o 1 7*«rai;*is«»T*n«, 3 

(0 0 9 5] ^©J^KUTfcWStlfcEL*^©^® 
Slot, /^y->^->3>«4 0 2 2, ^*H"4 0 2 
3 . #/t-#4 0 0 9 tfgj&Sht. 

[0 0 9 6] EL*^8B*fflttJ;3K:bT, fl 

4 0 0 9 t»«4 0 0 1 ©ftfiKv-'J >W4 
0 1 UMRttStl. *6lC->-'J>W4 0 1 l©*fi! 
KBSStt «2©S/-U>iW 40 10*»»/£Sn 

[0 0 9 7] C©fc#, £©2=90*4 0 2 3tt, jtm- 
»4 0 0 9£S»r3fc»©SS*JH£l,Tfo«f&f*. 
5t*»40 23tL,Ttt. PVC (tf'jtfx^n^-f 

K) . x#*->m ->«J3>«SIB. PVB OSUfcfx 
*/»*] *fcliEVA (x^k>tr-;k7-fcx- 

M &m>Z>Z.ti>*TTlSZ. C«j(S*»4 0 2 3©f«ga5 

*bH. *fc3fc*#4 0 2 3©«ffl5C. 
34«&*T5«fl:Wih3W*E«-r-5^£T. ELJi© 

[0 0 9 8] **ff 4 0 2 3©4>ICX^— 9— * 
■SrtrS-a-T'fe.fcH. d©£S, ^-tf-*BaO&£ 

[0 0 9 9] X^-tf- «ft**fc»fr, /tyV^-S/a 

>«4 o 2 2 itx^-v-frtffiarzctiflrzz,. 
sj-r-aafiKflifc av>. 

[0 10 0] Sfc, *A-«-4 0 0 9tUT«. 13yX 
S, 7^5x^A«. Xf>Wfi. FRP Elbergla 
ss-Reinforced Plastics ) «, PVF (jK'J }£—)Vy/U 

^ * )Vk*.it\*7>7 y )P7 -< ;kk*jav>s z. tifi?£ 

S. fc*3, *K#40 2 3<i:l/TPVB J ?>EVA*ffiV> 



«+ [/a] ©7;PS=>>A*'f;i'*PVF7 

[oioiifiu EL^^eos^fSi ot©st» 

Hfo) CitjTtt. *A-«4 0 0 9^aBttt**f5 

[0 10 2] IBR4 0 0 7tt->-y>#tf4 0l 
1 SZZPgmi 0 1 0 t£fi4 0 0 1 iOBMBta-s 
TFPC4 0 0 8C«ftM{C»«3ns. fc*. CCT 
»iE»4 0 0 7COV»TWi8Lfc^ AS©I3»4 0 0 
5. 40 0 6%iai»ICl,T->-U>W4 0l l^iOt 
S$f#4 0 1 0©~F*»oTFPC4 0 0 8 

[0 10 3] &43**JI0lJTte. X9M4 0 2 3ftRtf 
T*6*A-»4 0 0 9««IU #*»4 0 2 3©« 
® «MM) *«5i5lCv-'J>^«-4 0 1 lftffir) 
ttttTH***, */X-$f 4 0 0 9Rtf->-U >^»4 0 
1 1 «fl*0ttttT)&>6, £*tt 4 0 2 .3 «MTCfeA 
K CCMIfr. *£4 0 0 1, */*-#4 0 0 9RtX^ 
-'J>W40 1 lT^fi!t$nTH*S«lcaU*3t* 
»OttXD«!lW*. -E-LTlWKSKSXStt* (10 
" 2 [Torr] «T) CU"*W©AoTV»**llfcftX- 
Ptai/T*6. S«©^©SiJE&$it©tf©Sffi < J;r) 

[0104] niiM6]44dMTa. saH5&Bjt 
(a) , (B> «iv»Tmrr«. a 7 <a) . (b) 

[0 10 5] 0 8 (A) »±3(t5B!8«»J©ELa^Si«©± 
®HT*D, 0 8 (A) £A-A'T«»rLfc»f®B£ 
0 8 (B) tZ&T. 

[0 10 6] «WS WEoT, EL*^ ©i5®*«o 
T/t«s» >^--> 3 >fflt4 0 2 2 ST*»flfe-r*. 

[0 10 7] EL*?*a3.«lcLT**tf 
4 0 2 3 SRV+S. C©*at$r4 0 2 3 tt, */t-«4 

o o g^sst-refcfeoftJWWtLTfettttgi-^. ^* 

»40 23tbTtt, PVC (#Ulf=^n5-r 
K) , X#+5/«ffi, ->«j3>«ffi. PVB (*<JHX 

iifciiEVA (x^U->ifx;k7-fex- 
h) *fflV»*Clt^T*S. d©^*»4 0 2 3©rt8B 
WW«1*R»T*< b, SftS«l»4«9T*<5©T» 

*tv». *fc*««4 o 2 3©rtffi5t, Bas*»ffi-r« 

24«*WT*»fl:Kih3B#*IE«-ractT. ELH© 

[0 10 8] JEW4 0 2 3©«t>»CX^-U— * 
*ff$-H:Tfe<fcVi. C©t*. X*— y— SrB aOft£ 

[0 10 9] 7>^-U— Sfittft:*^, /X-y->^— > 3 
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>J8t4 0 2 2«7^~ y— E&aWf 4Ct*«Tt4. 
/ty>t— > 3 >«t»i»JC. 7^— tf— JE*ff 

for sttjBRft £ £ft ttr t» <fc v i. 

[0 110] Sfc, */t-«4 0 0 9£LT\Z. #77 
ffi. 7^5--?A«, ^f>Wfi. FRP fibergla 
ss-Reinforced Plastics ) «, PVF (#'J hf=;P7;i' 

7 .< ;pa s fc«7 £ «J ;i-7 v>a n t arcs 

5. ^t*M4 0 2 3tUTPVB-^EVASfflH 
SH" C/xa] «7;i/5r:'>A*'f;H&PVF7 

[0 111] flU EL^TFA^CfBt^lRl 0t<omt 
JiM) iCfcoTIi, ^A-ttS 0 0 0#53#tt£:rr£ 

[0 112] **fcf4 0 2 3*ffiV»T*A-«-4 

0 0 9 £8*Ufc&, 3t*tJ4 0 2 3 ODffiJ® (BMffi) 
J; SIC 71— At* 4 0 2 4ftB0tftt«. 71— 
A#4 0 2 4 ttx-'J >yf* L-TflttiTS) 
4 0 2 5ICJ;t)TS*$nS. C0<hi*, ->-'J>^# 
4 0 2 5 iLTtt. 3ttHU£MIK*A»«<!>«t|[F£U> 

K ft*. ->-U>W4 0 2 5I4T*«j!*»Wc4H'» 
**Ml/fcv4mT»* U». 
'J>W4 0 2 5 0rtffl5tC*^£S^LTfcoT*>& 

[0 113] Sfc. EJK4 0 0 7 li->- U >{f$t4: 0 2 
5<fc£fi4 0 0 li:O»IHI?&ffioTFPC4 0 0 8(C« 
f&WzjmZtlZ. iits, C^TI4iaft4 0 0 7lcr)Vi 
TKWl/fc*», ffiOE«4 0 0 5, 4 0 0 6 fcHSHcl, 
T->-'J>y#4 0 2 5©T£ffioTFPC4 0 0 8 Id 

[0 114] tt**glM-T». 3t*»4 0 2 3 4Ktt 
Td^*/t-S4 0 0 9&&*U 5S*»4 0 2 3fflffl 
M (»Sm) *«3.fc5C7l—A*Ue2 44ffiB# 
*7TV>**». *A-*f 4 0 0 9, x-'J >y#4 0 2 5 
Rtf7l—A#4 0 2 44S*Dftt;T^6, f&l&4 0 
2 34«HtTfcAV>. C(0*&, &K4 0 0 1. 
#4 0 0 9, ^-'J>^4 0 2 5&tf7U-A#4 0 
2 4TM&2ftTUZ&mzMVZ3£1jm<?)&Xn%1& 
tt*>. -e-bTS«ESK4JI3S«J| (10-2 f Torr ] ^ 

[0 115] «Iffl7]CuTELa»/WH:*WS 
®*Sf50$ 6 CIMiMfiHIIifitB 9 K. ±ffi«fe4H 
10 (A) fc, SSUaSBl 0 (B) ^Okf. H9. H 
10 (A) , (B) TttiaiOfWft^VJftJDTSHfc 

[0 116] 09lCfcV>T, 3&S4 5 0 i±(c»wen 



fc7'f-;/*->yfflTFT4 5 0 2tti«8l©;tf£-C3Bfifc£ 
n/tn^r^l^lTFT^fflU*. *jOMTtt^;|, 

fcav>tt&v>©TBtiBii#i&T*. flu ^T^y-h 

mmtt £ d <tTSeiM»C 2 F T«^]$tlfc« 
iStfcO, *7«flffl*flMr*Ct*tre«iH5fU 
£43. :^S0traiy7;py-N*jg<t:LT 

y- NwswieiJtoy- h*84#^-7;i^y- h 

+ T F T 4ffl V»T«jfc LT t>«fcfc K 
[0 117] *&, ELBSWITFT4 5 0 3ttS«5J© 
^T^fi!t$nfcn?r^.;^aTFT4fflVi*. x-fy 
?>^fflT F T 4 5 0 2 CD h"W >iS» 4 5 0 4telE» 

4 5 0 5 iCioTE LSK»MTFT4 5 0 3«y- h« 
«4 5 0 6 C^&WCttttSftTW*. 45 0 7 
-C*$n-5E«H4. 7-f y^>yfflTFT4 5 0 2©y 
- h«S4 5 0 8. 4 5 0 9 S«^W)lCg^T-5y- h 

[0 118] ELBSdfflTFT4 5 0 3IJELSti E 4 5 

•5*<kWJ&Sfett!itiKV»|R^T%**. ELB 
»ffiTFT4 5 0 3©h*H'>fl(lc. y-h*g»j8l4^ 

try- hiaicaftsi-sicLDD^jR^wsfliig 

[0 119] *^^jTttELB«lffiTFT4 5 
0 3S:-» ; /;i,y-hfltjiTH^UTV^^, «»<DT 
F TtayjKaBKL&VJW- H«fii: LTt>JHr». 
aBScCTFTSrM^JlCOJStfTimMJC^-v^. 

[0120] sfc. 010 (a) ir^-r^ac, elk 

*fflTFT4 5 0 3©y-h*S4 5 0 6*^tJiE«4 

5 0 5(4, 4 5 1 lT^3ft.5ffi«T. ELKK^TF 
T 4 5 0 3 (D H W >Ri» 4 5 1 2 ttfeBtflt*^ UT« 
fr-5. Cicoit. 4 5 1 lT5*Sn5««Ttt£8&« 

■ftJ^»4 5 1 1 «. «iSf«ie»4 5 1 
3 &«^ld^£ft&N»*ft4 5 1 4, y-Muat 
JBtiPI-Ji©*g«K (0^-a-f) RtflfiBU 5 0 5 to 
WT}gJs£$n5. iS»4 5 0 5. ^lJIIBUaftBt 
tW-©« (Hw-ttT) Saf«fflfft»SM4 5 1 3TJEJfi* 

dO«Sf§*4 5 1 l»4ELKftfflTFT4 5 0 30Dy 

- K«a4 5 o 6 (cmnr««E«fl»r«ttiE«*-r 

5. E LBSdfflT FT 4 5 0 3 CO h* V-i >&mt 

nmrnm. mmo 4 5 1 3ca*sn. *ic-jto 

[0 12 1] 7^y^>^fflTFT4 5 0 2SOtELB 
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KfflTF T 4 5 0 3 ©±KteSB 1 ©/ty 3 >R 

4 5 1 smnztu wiiizmmmrtt&tm 

K4 5 1 6*»»fiJtSn*. ¥fi{fc«4 5 1 6*fflV>TT 

f t ic«t *as * ¥aft-r « c: <t icasT* * . 
&\zmztizmjB4 5 1 Gtt^Kficjiv^ft, aft 

SeoT. 5l?#Ji4 5 1 9£T*S;£tt¥fiWC®Jfcl,3 

*«t'5»cis**a4 5 1 7 &&i%rz>mz¥mitLT% 

[0 12 2] Sfc. 4 5 1 7«EWttoKV»»ftfl(T?4 

srama ( e l s^wias) r* o . su ©^ 5» 

— >3 >BU 5 1 5X£PFSfc«4 5 1 6 IdRttSn* 
3>*£ h*-;i/**M,T, ELttijfflTFT45 0 3 
©KW>««IC«$W)lcfia»2fti. SB3Mia4 5 1 
7 £ LTtt7*5=*AG*K, 

t*«ff*bV». ftflft. ©WMBfi&bTt 

[0 12 3] &K#«afJB«£®*«ffi4 5 1 
fiflJK4 5 1 61«L, Miff 
>#t&ZfC> K>?4 5 1 8X^^^4 5 2 0* 
A>*4 5 1 8tt. K0#3iI*©£#Jg3; 
t«EL»€;^»lt-r-5fc*irtt^-5. *«.y7"4 520 
tt. ®*fta4 5 1 7£ELB»^TFT4 5 0 3©K 
W>IE»4 5 1 2£d^B*5nTV»5g!»©±tc:K^ 
6n*. 33**84 5 17li3>^ h*-;i/«D«5»»C 

4 5 1 9 ©$£**&£!£ Cfcftfc:. ^y^4 5 2 0£R 
tt*££T¥«fcUT*<i:ijMBSLV>. ft*5, n> 
* 4 5 1 8 £?y 74 5 2 0 fcttMUJPSIOWtU^ 

th&<, mzw&zKzmMA: 5 1 <x»wn\zm 

[0 12 4] /X>*4 5 1 8C.k0«l*aftfc» (■» 
CftS-T*) ©*CELJi4 6 19*Wrt*#l*. ft*5 
010 (A) Ttt. &#g*4 5 1 1 ©fi«$SWC-r 
«&»lC-aLrt>*Stf*LTIr»**f. «Kftftft4 5 
13fc. 7-XK*4 5 2 lW-«i:€«5J;5IC«* 
WKKW6tlTV»5. CCT»42ratb«>B8*t 
TV>ftv>*». R (*) . G (MO . B <*) ©#filc# 

(ppv) #y (pvk) jr. 

[0 12 5] ftiJ. PPV*EL#!fttLTIi«*fcg! 
©*>©#***», #JA« ft Shenk. H. Becker, O.Gelse 
n, RKluge, ?. Kreuder and RSpreitzer : "Polyaers 
forLight Emitting Diodes " , Euro Display, Proceeding 
s, 1999, D. 33-37 j 1 0-9 2 5 7 6<ti«8fc:!E 



[0 12 6] JMWWs»fc»fct,Ttt. ^etca*?-* 
t*5DtJiK:tt#U7x=W>t=u>, 

*«tBCtt#iJ7x=U>e=U>»b<|i#ij7^ 
**7x=l/>«!H*itfAK «ff|$3 0~l 5 0 
[na] <#*L<»44 0~1 0 0 Em] ) £fn«a 

[0 12 7] flUm©fl»WBWtLTJBV>«Ct 

©T^^ELtm-w-^irafeoT. ciniciss-rs^ 

£B[&IC«*£fctf*TELl (^arjf-5-O^CO+f 
[0 12 8] *«W«TttJl?Uv-*im*S! 

C0 12 9] 44g*MTttXftj|4 5 1 9©±KPED 
OT C*U?*7x» tEftttPAni (*U7=U 
» TftSIE?l£Aff 4 5 2 2 *K^fc«Jf«jfico E L 
■ fcl/CM*. *lyf. OLEAif 4 5 2 2 0±CH» 
9!#f»BtTft*ISS4 5 2 3)6<»iten*. *5US«iJco 

«G. JBW 4 5 1 9-C4rtS*T&3fctt±B*ia«U*r> 
T (TFTOiTffclSbfcoT) Mat* 

ftBB 0 ffijfiTfiSSTt -5 ©*WS L- lf>. 
[0 13 0] H«4 5 2 3*T3B«3nfcl»j«TBL* 
?4 5 1 OWmScrz. ft*. diTV^EL«^4 5 

i o tit, rama (isa) 4 5 1 7 1, 9B»4 5 1 

9£, iE?LjiAJi4 5 2 2S:OWa4 5 2 3T®fi!can 
fe«^*i€:ft-r. 011 (A) lc^TJ;3lcra{« 
84 5 l 7ttrat0irtKCf3i£H&?'S&6, 

[0 13 1] <td5T. *5«Ttt, »84 5 2 3© 
±IC3 6(CSS2 ©/Xy ->^— > 3 >flt 4 5 2 4 SRWT 
H*. JB2 0/TyS^— > 3 >K4 5 2 4iLTH*fl: 

rauRs&iafljM3£rautff£u>. ^wawtt, 

ft(c«J;*^rt*K<**£. ELtf»*»6©K35f^*» 
©fl«Rtt*«i85»e.n5. 

[0 13 2] fiU«)J:3C*aai«|c*UT«W!LT* 

«:e La*/T*;waH 9 w«t ^ MRttQniia> eft-sis 

FT£, *y K*+U7ft^C!|V»ELraWHTFTi 
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{fc&^ji*T5Jfl6ft E L&ftrt*)\>t)W <itiZ>. 

[0133] &m*m*mim-&t. xmmznb 

fcH*ffiC*t>T, EL«f4 5 1 OClllfifcgfcStt 
ftflfiftK^TWgrr*. REICttH 1 l*ffiV>*. ft 
6, H9®«ljS4«ft*)jlttEL3lff©aj»tELB« 

CO 1 3 4] 01 1C*V»T. ELWWBTFT4 5 0 
3tt4i»«)*«t-Wrt*nfcp^*;i«TFT*«V> 

CO 1 3 5] ***S0]T(i. Htfi (HMD 4 5 2 5 

£*flatB£^6#r?ft«*«K«ftfr>«. 0Jft, % 

CO 13 6] *UT. *g»9tTft£/0?4 5 2 6Rtf 

=;p*^AV-;WTft*3BtJi4 5 2 8*<Jft|&Sn«. 
■tO±K:tt* U ■> A7-fe^-;P7-fe h *- h- (acacK 
iMESft*) Tft5«^£AB4 5 2 9. r;ws=* 
A£&Tft£ft«4 5 3 OjWBfifcaft*. H0D»g-. ft 
ffi4 5 3 OaWy 3 >Bti:LT%attg-rs. £ 
3 LTEL3KT4 5 3 1 flflMSSn*. 

co 1 3 7] *mmi\z&^TisiwLitmm*:mTz>E 

JO 1 3 8] 9]*gdM-?tt. 010 (B) K 

*Lft(SB0£ttgft3*jficDiiS»,fc LJtSSCDflJfco 
lr>TBl 2 (A) ~ (C) lc*f. ft*, 49QMIC* 
UT. 3 80 l(JX-f-;f>yfflTFT3802OV- 
XE««*fcTV>*7-XflMWfc 3 8 0 3ttX-T»/^ 
>^fflT FT 3 8 0 2 ®y- hft«**faTV>.&y- h 
3 8 04ttELB»fflTFT. 3 80 5tt## 
M. 3 8 0 6. 3 8 0 8tt«Sl«|&JS, '3 8 0 7ttE 

CO 1 3 9] 01 2 (A) li. Wft-rS20CD®*fflT 
«fflE«*S»3 8 0 6 L/yfl^-flDfljT**. BP 

w»r« 2 ^ommmmm&m 3 8 0 e *«w>c 

«^£ft«£5fc$jfcattTVi*,&C#llW«e&.5. C 
««E«l&tt©***«^-rc<i:jOtTrS*fc», 

CO 14 0] Sft, 012 (B) «. «Stft|6«R3 8 0 

8 3 8 0 3 i«f raBHt&«*®«T* 

*. 4*. 012 (B) TttCffiftttKS 8 0 8 ty- 
H3**»3 8 0 3 timt£e>tt.»&5\z1SiV1tmT$.tlZ 

otv»**». MHWft«*i3ft*3*i«iarr*ti 
«. «W«hLTMft«i3iatttf«i:ifcT**. 

ftaWWg»3 8 0 8 ty-hm^»3 80 3 



CO 1 4 1] Sfc. 01 2 (C) «. 01 2 (B) 03* 
jfiiH«(CftS!f*jS&» 3 8 0 8 £y- 3 8 0 3 

iwcwt, aeic 2^«iij({««?ftftje«3 8o 
8 **^»c«»»a:ft* «k 5 fcmrsjkfctfawtjfc 

S. ««ffl«e»3 8 0 8«:y-K«^«3 8 0 3 
© nf n*»-:ft iBft * J: 5 icafctt-s H <h fcff&T* 

co 1 4 2] mmwi o]mm7\zBLft®i o 

(A) . 10 (B) TttELBliffiTFT4 5 0 3©y 

- K««lcA^*«E£##T-5fc*l;:«#«cft4 5 l 
1 £Rtt**x6£ LTV»«*». fiy*gtft4 5 1 1 

-r«c£fepi«E-ca-5. m&mKa&et, elbbwbt 

F T 4 5 0 3 1 LT'£tH<Dj]m-mj$.t<nitn 
i!TFT£fl!V>T^3ft#. y-hijg»K*^LTy- 
h*ffiKSft S i 5 £ *lft G O.L DfllttSrff UT 

n*. d©aft»3^ftffi«K:tt-«figicy-Hefti: 
±&ft£«#®*4 s 1 1 (dkm t ltswwkjhv* 

CO 14 3] C<05£g*©*v/^>*>*«. ±Ky 

- l-«a£GOLD««£d«aft0^t>ft^|lcJ:t>T 

sgftf^ft*. -e-waftD«-^ft««i^*n*GOL 

CO 1 4 4] Sft. SOM9EKl,feHl 2 (A) . 

(B) , (C) ®«6Klc*l,>Tt>nttC. «« 1 «Ji3 8 
0 5 *«tt-r«> CI £»±oJ«eT*S. 

CO 1 4 5] t*St«9Jl l]*«WC*V»Ttt. SU6«iJ 
1-10 T5S5^ Ufc^^ftO^BiW^ii: UT. W* 

&<DZ'ty7>im¥r&&ELmmmTFT£, mm 

-f y ^>yfflT F T£ E LE»«T F T tmxktZ Z 
tiZTZ. 

CO 14 6] 013*#SST5. ««5 0 0 1 lc:tt, 9i 

^.«3-->ya©i 7 3 7^^s«t^an*« 

7)\,Uy)X77,mfiL*m^1t. -C-bT. £t£5 0 0 lffl 
TFTAWtfiZftzmBlZ. TSfefflt5 0 0 2Sr^Xv 
C VDti&X/lyflk-mtflLtt. Tttflt5 0 0 211, 
S<t->Un>ffiS:2 5~l 0 0 fun], d^Ttt5 0 
Cm] ©J?aic. ft{tx'j3>WS 5 0~3 0 0 fi 
a] . cd-ctti so u wwatcswi^ (4$t0 

**T) Uft. Sft, Tims 0 0 2tt. &{t'y*Jzt> 
C0 14 7]^IZ. dOT*«5 0 0 2C0±C, 5 0 
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Cub] ©J?£©#&Ki' l J3>fltS75;t'?CVDttT 
JEWcUfc. #M^U:i>JRtt«flr*j|tt£fc£«*t. 
ff$L<li40 0~5 50 ["C] TRBfMJfflftbTJBlTk 

7t*©S*r**+#ffiM<*-a--cfe< ciata*u>. 

CO 1 4 8] CCTT. T*flti#ftK->U3>«ittVi 
i*TttBt«MIX>"J a >flt**£*T»RLT®fi£ 

%mr^emi#*sv!Wgt.Kmz * 5 c t &@jg 

0. fmSftSTFT©ft«yt:7U/*£fii*3tf-SCi 

CO 1 4 9] *SK->Ua>«*tSa<tT5lStt. » 

K*K *5US«ym. /t^5fflfflOKrFX*->T 

TMM -> >J 3 Cfc. 
CO 1 5 0] fc*. 4^«TCtt¥«(MiC!)»jfte#A 
J?-> U 3 >«£ l/— 9 f -**v>ttJftlc«fc OttftftT* i 

CO 1 5 1] C?LTJ^£*l&»£K->'j3>fl|£/'? 
*-n>yLT, »Ko¥*#Ji5 0 0 3. 5 0 0 4. 
5 0 0 5, 5 0 0 6**UfilE;£*l&. 

CO 1 5 2] Jfcfc, ft«©¥#»H5 0 0 3, 50 0 
4. 5005, 5006 £«^T, »fc->U 3 >*fett 
3fc->'J 3 >££fifc#i-ray- MSMR5 0 0 7 
fifcLfc. y-h*g»Bt5 0 0 7tt, ^XTCVDST 
N 2 OiS lH4«K»itfcaflJWk->U3>K*i 0 
-2 0 0 Dm] , #£L<«5 0- 1 5 0 fan] OPS 

T»rt-r*i«*v». *wi«c*v»Ttt: 100 u 
co is 3] -e-LT, y-hmmsoo7<atmKM 

l©y-MtaifeSJSlO*a«5 0 0 8i. 352© 
y-S*8ifc*SB2©#«JR5 0 0 9i£ffifc£Lfc. 
JB 1 ©#*K5 0 0 8 US i , Ge*>SaH9afc-«© 

ffctfttffiK jfefc, * i ©gflR.5 0 0 7 Off Stt 5 
-5 0 Dm] , ff £ U < « I 0 ~ 3 0 fern] iTSiSg 
*5lflS0iJK43lr»Ttt, 2 0 fa] OffSTS i 

co i s 4] m i °MnmtLxVLm?**mmguzK 

SftTHTfeAK C©¥*Mtofttt&«£«l©a£ 
Effi*Hft<. nkJd. MECVDftT?SfifiJf*4 5 

0-5 0 0 [C] fcl/C, -»5> (Si 2 H 6 ) §2 5 



0 [seen] , 'MJ^A (He) £3 0 0 fceem] 5»AL 
TffrfcT* CitfTt*. COtjfPWC. S i 2 H 6 IC 
»l/TPHs*0. 1-2 [X] BXS*TnS0¥» 

co 1 5 5] »2©y-h«at^*3B2o#tatt. 

h *a©*&f££[ £T * fe © K#* 3 fe AT* 

9, fl&tt. Mo-WfcfcOtfllViT'bAH. CCT 
tt. TaSttfflU XTCy^jTC, 2 00-1 00 0 

Cim] . ft*MKtt4 0 0 bo] ©JPSKJBfifcUfc. 

(0 1 3 (A) ) 

CO 1 5 6] *fc&»0/^-X>*S8|«*S-3T^ 
*hV*£*J&£L. M2®*«K5 0 0 9*Xy?> 

y lts 2 ©y- h«a*^fit-rsis*fTofc. m 2 

©iMtK 5 0 0 9 ttT a«T3&J5to* *ITV>6©T!, H 9 
-fxyg^ffifcfflvvrfr^fc. FiMXy^y©* 
#iLT, C 1 2* 8 0 [seen] *AUT 1 0 0 SaTor 
r] . 5 0 0 [W] ©WnHtaSSALTfrofc. * 

isT, 012 (B) ciR-r «t 5 or 2 ©y-h«a 50 

1 0. 5 0 1 1, 5 0 1 2. 5 0 1 3, 5 0 1 4*3«fcCX 
SS»5 5 0 l£Jgfi£Lfc. 

CO 1 5 7] Xy?>y»CgBfcWWBStlfc*£tt. 
S P Xft#S*> E K Cfc i ©SfcTifarrs CiCiO 

CO 1 5 8] ifc, JR2 0MK5 0 0 9i29Xy hx 

CO 1 5 9] -tUT, nS&#4r*JB 1 ©*««JtoK 
*X7>f> (PHj) *JBV»fc-f*>|e--^jS-cfi : t , 

fc. coisra, y- h«ga«5 0 0 7 as 1 ©*« 

Bt5 0 0 8 *abT-t©T©¥**)lC'J > (P) *SS 

»i-5fcje>»c, »jsaflEtt8o fev] t*»wBBrr 
««s«(»«. «fttienisft«>j>oita, 1 

x 1 0 1S~ 1 x 1 0 19 Catois/cB*] ©«ffllc-r50*t 
ffSU<, CCTIilxiolS [at<ns/ei3] tLft. 
*bT, ¥»»MltU>*»»ttiatlfc««5 0 1 5. 5 
0 1 6, 5 0 1 7, 5 0 1 8. 5 0 1 9. 50 2 0, 5 
021, 5022. 5023 WMtSfift. (0 1 3 
(B) ) 

CO 1 6 0] CO it, SSl©3MtBt5 0 0 8 fcfcU 
T. SB 2 oy— bW& 5 0 1 0, 5 0 1 1. 5 0 1 2. 
5 0 1 3. 5 0 I 4%XVKM& 5 0 I tWtttKm 

m\z%v >tfmmzt\fi. co«wwj >m9i\zftizjg. 

CO 1 6 1] *fcn^ir*;iaTFTt»jer«1IW* 
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Pv>XhVX*50 24, 5 0 2 5T««3T, 3Bl<0# 

«« 5 o o 8 <D-wzmktz>xm&ff?ft. **mm 

*J8t5 0 0 8ttS iT*0, K7-fXy^>y0*frfc 
LT, CF 4 *5 Otsccn], 02«:4 5 [seem] #A l/t 5 
OfoTorr], T2 0 0 [W] 0Kfljft«;/j*&ALTfr 
ofc. *tf>8£, l^Xh^X£5 0 2 4, 5 02 5* 

*&5 0 2 6ai«ofc. 
[0 16 2] *LT, P?**;i/fflTFTj^/*3ft* 

gfcfxofc. j:«h«>#*> (b 2 h 6 ) *jiwT-f* 

[keV] £UT, 2 x i 020 [ a toms/cm3] ©fcfltfcjRn 

3 0*tt4M»«t5 0 2 7, 502 8, 502 9, 503 

OtfMtfLZtlft. (Hi 3 (C) ) 

CO 1 6 3] 01 4Sr#B8-r^. 3 ^MttTSRoK 
J»£fr3fc», 1^X1^X^5 0 2 4, 50 2 5&5S 
±\Zf$&LT> m&W* hVX£ 5 0 3 1, 5 0 3 

2, 50 3 3. 5 0 34, 5 0 3 5, 5 5 02£j&&L 
ft. -C-LT, l^X hVX^S 0 3 1, 5033, 50 

3 4£tf^T#10#*«£x^>^U i&rfcfc&l 
0>$«Bt5O3 6, 5 0 3 7, 5 0 3 8&J&&L&. 

(0 14 (A) ) 

C0 164] *LT, nffi£tf4T*#2<3*tt*7» 
*WHT*ia«r3ft. *snrac*ir»TWL 7*X 
(PH 3 ) *fflV^*>F-;/j£TfTofc. c 
^XSTfc, y- HKttR5 0 0 7 <frfflLT*COT<B¥ 

V] £»a&K»£LTV>£. *LT, U>a«SSta£nfc 
8tt*5 0 3 9> 5 040, 5 04 1, 5042, 5 04 

*D, 1X1019-1X1021 [atoms/cm3] tt%<D 
#$?£L<, *^^JI^V^T«1 x l 0*20 [atoms/cm 
3 ] iLfc. (014 (A) ) 
[0165] $6»C, V^XhTX^SO 3 1, 5 0 3 
2, 5 0 3 3, 5 0 3 4, 5 0 3 5, 5 5 0 2£Rfc£L 
T. Sf^{CUi?XK-7X^5 0 44, 5045, 5 04 

6, 5047, 5048. 5 S03«»J$U ?B 1 m 

^;«!TFTJr^$nSVyxhTXi75 0 44, 5 
0 4 6, 5 0 47©^*;W^ffijcr)fi$«TFTcD« 
i6£fti&*_tTaST&a. W;?X^X£5 0 44, 
5 04 6, 5 0 4 7teSBl<&#«Bt5 0 3 6, 5 0 3 

7. 5 0 3 8cO-«5«:|^-J-*g6<IT^ten^t>CF)T 
*0. £CDU^xhvx*<BS3i;:«J:r), SB2<o^tt» 

tiZtmrStelzfrtozzttirtTtz. (014 



(B) ) 

[0166] *LT014 (C) \ZMr^\Z»l<Dy 
-Mt«5 0 4 9, 5 0 5 0, 5 0 5 ljW&£2*lfc. 

[0 16 7] H±©IST, CMOSEgfrC!)n?^*;i< 
STFTlCtt^*JW»«««t5 0 5 2, 3Jl<0*ttfc 
««5 0 5 3, 50 5 4, »2<&WtttW*S 0 5 5 , 
5 0 5 6*W«atl&. CdT, »20*tttt««tt, 

y-h«atm^is« (gold«w 5055a, 

5 0 5 6 a£, y- h*«£afc6fcV>«« (LDDfll 
«) 5055 b, 5056 b#*n^n^fifc$nTV* 
*. -ebT, 3B 1 <0*«4MW«5 0 5 3 «V-Xflltfti 

[0 16 8] pft^TFTIl WMKfci^y Fli 

«®y- hw«ft$n, ^**;i«££«5 0 5 

7, 5S3^«tt««5 0 5 8, 5 0 5 9#l*j££ft 
ft. *LT, SB3^>Ettffi«5 0 5 9i*V-XflBft, 
£ 3 O^NMfW 5 0 5 8liHW kft»tf*Z. 
[0 1 6-9] Haw-fyf^flnft^WTF 
TteT;w- hx* 0 , ^**;«te!t«K5 o 6 o , 

5 0 6 1<tm©^«)««50 6 2, 5 0 63, 5 0 

6 4iS2^tt«ffi«5 0 6 5, 5 0 6 6, 50 6 "- 
7, 5 0 6 StiW&Ztlft. ddT3B2CD^««3jS« 
fc, y- h««£B&£««5 065a, 5066 a, 

5 0 6 7 a, 5 0 6 8 a43cfctfy-h*ffi£fift£ftv* 
««5 0 6 5 b, 5066b, 5067 b, 5068b 

tm&ztift. 

[0 17 0] EL«ft^D^^;i«TFTtt, 

£t fl, ?**JHMMHt5 0 6 9 tJR 3 
5 0 70, 5 0 7 l*«»/fcS*U&. »3«^m«5fl«5 
0 7 0ttV-X««, »3co^F««jffi«5 0 7 1ttK^ 
-fXWtitt*. (014 (C) ) 

[0 17 1] JKViT, Sft->U3>«5 5 0 4, SHOD 
SHIftftRS 0 7 2*m-r*:E8£fTofc. ftflfcS 
fl:^>Ja>«5 5 0 4£5 0 Em] <DW2\Zf$JStLft. 
Sft->Un>ffll5 5 0 4tt:/5X^C VDfcTJgfiJcS 
ft, SiH4*5 [seen] , NH3&4 0 [seem] , N2 
* 1 0 0 [seem] iAlTO. 7 fforr] ,300 
[W] <DMMl&Mti%1StX l/Tfrs ft. $10« 
fBlt&mS 0 7 2&&&Lft. #l<DmMt&*m5Q7 

*im*&t>itftmimzR^ti[i&^. mm\t 

400 [nm] -1. 5 [mid] £-nitf&v>. *«ffi«JJ 
Ttt, 2 0 0 W i9cOS/tK^*«C0±^8 0 0 

[0 17 2] 3-10 0 [96] C07K*Sr^tT# 

H^+T, 300-450 ra Tl-12^W©fya 
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tfyX^zZmftZftlzmZR^Z) 4fr^Tt> 

[0173] a*. 7K*(biaa^ioiiMieata5 o 
7 2*»ar*BCAnrfeau. sis. 200 fa] 

»©Sfc«fl:5£Ml4©&LfcSkT±Kffl.fc'3 loWKfl: 
ffl«*frV». *fi®XW> 8 0 0 fad J*«*M3£KK 

[0 17 4) *10MimK6O7 2KttlT 
V-XIES5 0 7 3. 5 0 
7 5, 5 0 7 6. 5 0 7 8<h. HW>BK5 0 7 4, 
5 0 7 7. 5 0 7 9 ft*. *WUtmZ. 

©««4, Til»4lOO fan] . T i %tftl7)V$.- 
?AJ8t4 300foni],Ti«150Dm] 4X/V,:S' 

[0 17 5)5fcC. 5 0-5 00 Em] (ft&MCte2 
0 0~3 0 0 Dm] ) ©JP5T*1©AW>"S— >3> 
fit 5 o 8 o Wit. *2mwv\tfti i fi/\y 
->a >JS5 0 8 0 <h LT 3 0 0 fan] »©gfc«fc3* 
K«|V»TV»*. EftiMflaSJMrmjBbTfeAK 
ftfe. SfcKto£J^©ffi*&K$ l sioTH2. nh 3 S* 

* 4^tf#X 4/H Vvr 7? X^fctfi 4fr 3 £ <t ttMTC 

* S. c attflae J: 0 ®jS 3 ftfc***<fS 1 cd»M«5 

»at 5 o 7 2 c&*esn. «yt»«ff 3 ctr. * 1 © 
/■w 3 >« 5 0 8 0 <a«K>W£S;*tt&. -en 
twee jr 1 nmmesm. 5072 c«n3n&*« 

^tA^Ttfc. (HI 5 (A) ) 

[0176] fl-«afre^e*s»2oiiB«g«iK 

5 0 8 1 tWJSRUfc. #t»»£t,Ttttf "MS K. # 
•J73I*. 7^'JJk BCB (^>7->?n7x» « 
*<SM-r*r<tA»T*4. S2©HIBBfi»at5 0 

8 1 ii¥«ft©*fc#^aqav»<3T, ¥Sttc«nfc7 

Lfc. j?SL<ttl~5 [om] <S6ldf*L<ti2 

~4 [tfm] ) trn«Av». 

[0 17 7] «2®anieftK5 0 8 l&t&Bl 
fifty 3"*~ >a >St 5 0 8 0 C I* M" >R« 5 0 7 9 
E«T*3>** K*-;|,£J&£U iS*ta5 0 8 2 
4S*f£Lfc. #£fl£0rai®3fc*ffi 5 0 8 2 t LT&fc 
-f>mi:i0~2 0 DrtfC] ©SKkE»4tR»nLfc 
39I*«3t4 1 2 0 Dm] ©JP3K»/fcU&. (015 

(B) ) 

[0 17 8] ESI 1 6 IcS-Ti'Slw. «»«»Tft 
5A>^5 0 8 3&£.lf?y7S 5 0 5 4ftfofcl/fc. A 
>^ 5 0 8 3til~2 [«] »©7f U;i**&tt# 



>£50 8 3»SilSttil*i:©|B]lCXh-7-1'7 , WlC}BfiJE 
Sft*. 3MOt«"ettV-XE«S 0 7 6 .tICftoTJg 
J5£T5;0<ia»5 5 0 l±IZ»oT3gfi!cLTt)fiVi. fcfc 
/O* 5 0 8 3 4»j£LT»SWDamam«*B 
If. /X>£ 5 0 8 3 tMWfc l/rjBlr»TfcAv». 

[0 17 9] ^C. ELB5 0 8 4Rtfl$S (MgAg 
*«) 5 0 8 54. M&W,*)ki%\,>T*8MlSLLU\,> 
•V&mt&LtZ. fc*. ELJB5 0 8 4©fltffli8 0~ 
2 0 0 [cm] (JilSMlCte 1 0 0-1 2 0 fad ) , ft 
S5 0 8 5©W3ttl 8 0~3 00 fan] (ASWKte: 

2 0 0~ 2 5 0 Dm]) itftttSH. ft*. *3SJS#J 

ftOBWSELM, ikfiWWtTSELJiaoWfiC 
&rf2>ELIf4JBfi!iLfc. 
[0 18 0] C©IST«. ftfi 

La5 0 8 4StfMffl5 0 8 54)Bj£L&. flU EL 
■ 5 0 8 4 tt*«ld&T*WttK2 l/>>fc*7* h y y 

&(r>. *£T;*:*;i/?;*£4J8VvTmS©iI*£^4IS 
U &BSffit£.»mWlZE L»5 0 8 4Xtma5 0 

8 5*»j«**©iw*uv ■ 

[0181] BP'S. %.?m&\Z%fctZ>m*£W£±T 
»rv^^4-ty hi. •C-©-7^^4fflnT*fi5»t© 

EL»&tma€;a«fi<)tc®fijt-r2.. &v>t, »€k*# 
^ 4Mv»T«fi»«© e Dia^asawwi'^-r 

VX£4-fe5/hU -e©vX£4)HVvT*-g9»t©EL 
&*^**4#V>5.fc5K:K«LTV>.&a<, HUvx^ 

•a t»j«r* £T»£ 4 % 6 r \zvmt s c i *w * 

[0 18 2] ft*. 3js^J£«lJTHEL)i5 0 8 44«3 , t; 

Kic««a«y75^fesnT*o. -e©nfn©afi!t4ffl 

^T'hMhUU. ELB5 0 8 4tbT«i«3J©*fR-4 
&»©tmt l/Ttt, B*«ff4 

««TttEL3i»©aatLTMgAgaaftjiv»ft« 

4^TA«, 4«5l©ffi©«»4fflVJT'b&l». 
[0 18 3] aac. ^2©A^->^--> 3 >fit5 0 8 
6 €:ftJfirr-£. 1 6 I^Ti3*«lifi<!)7^ 

X-<7-?MJ*XS«tf^fiJtl,fc. ft*3. /\>^5 0 8 

3 4©fi)tLfc». SB 2 ©Ay ->A--> 3 >fi| 5 0 8 6 4 

^m^t.xfixm^)Vf-^>n-m. (*fc«-f 
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(0 18 41 tCST. #SM0iI©7*7V7*Th'J* 

Bjwrawcfr < mRHBac %«»ft»ifi 

©TFT&KST*;: <!:»;:<£?), **lC«V>««tt*S 

**. -enictoT. v-xfi^nowBBonwx 

R410 [MHz] &±!c-rsc<tafiiJg6T*5. 
CO l 8 53 B^jlMRSft««tS^>J:5C* 
9 H*lrU7ttX«ttl«*««tt**r*TFT*. 
TOISIHteK&T 5 C M O S ®»© n 5 1 * **■ T F 
TfcLTJBV**. ft*. CCTV»3B«B»4LTtt. 

[0 18 6] *9ffiW<0&&. 014 (C) , HI 6IC 
ST-WIC, n^lr^AfflTFTCDjgttJitt, 
«5 0 5 3. Pl/-f>«H5 0 5 4, GOLD««5 0 
5 5a, 50 5 6 a, LDD««5 0 5 5b. 5 0 5 6 

5055a. 5056a HttWBt&frUTy- h 
«S50 4 9i:«a^T^-5. 

[0 18 7] CMOS@»fl5p^*)l«TFT 
tt. *y h**'J7^E±*SWbW&£fteft6ftV» 
©T. WCLDD«Wt*«Hta<T**K Mft. 
+*;i«TFTiH«CLDD«tt*tttt, 
'J TttfttBBt C<h *> pIAET**. 

[0 18 8] toft. HMHBC43»T. ft**»lt 
««*55WfiIC«tt^afn*J:'3aCMOSIl». BP 

ftCMOS®KjWBV>6ft*«£. CMOSE»ft»dl 
-rSn^-^HtTFTtt, ^**)WBjfc««©PS-S--r 

JHV»Sft* K5>^5y->a >y-hfcc!:»W6ft 
*. £&HMiKfc43V>?. *7*^«:'ff7J&<»I*. 
USTO**CMOSIIttWIIV>6ft*«#, CMOS 
0»«»|jtr*n?-v*;i4HTFT»4, LDDflWt©- 
«*ty- MMMtfefrUTy- h*Si:aft 

ftifjWWrsn*. 
[0 18 9] ft*. gRCKHl 6©ttfc*T!SWtl,fc 

^xw>ft^«si7-f^A (55*-h7^A, mn- 
tr-9>9 (it A) r*ct**ff*uvi. *©», 

tt» (WAffltfc/tiJSA) SBESLfcO-ratEL* 
?©fiW9H:n*tfi]±-fS. 



[0 19 0] *&. ?>y*©ffliiCJ;0Ste 

*@an&«?t^fflt^s»?ts:««rsfc»c!)F p 

C«Mtfl*-C«ftfcl/TS&ft"r6. C©«fc3ftttHrc 
*Stt«lCSTLfcttJgS:*^ffl**TliE Lf^ X7" 

[0 19 1] Bat«12]*jOI«lC^m *S89I 
S. 

[0 19 2] HI 7€#lit-*. Hi 7 (A) 
©y- h«W«WHBS»K«T3 fc»©. y- Ml 
*8BmB£HT«IBIIfllft«ml,TV>«. **0fc« 

riafflmofcji). mt try- h«^»a*y«nii* 2 -p 

OV>T©R9!*fr3. ®*f5l 7 5 SOPHttC, y- h 
«^«UKftlHiaS 1 7 5 2 «EBU #y- HR*HMBlB 
0BW>ny7rtH**»6iB*«l 7 5 3KS5*TCDW 
C, X-f y fWt 1 7 5 4, 1 7 5 X-f y 

7T18&1 7 5 4. 1 7 5 5©«/£0l]*. 017 (B) 
(C) 

[0 1 9 3] X-f jflBBl 7 5 4. 1 7 5 5IC»i, y 
l;J^©ff#*&frLTA77Sft5. 017 (A) £43 

n-ctt. on, 1 2«fco#y-h«^aaBaft[aBrt 
®»icA7jsft«y- MMMHRjr'f 5 >y«o»*. 

4. 1 7 5 S\tmWMzW)ftL, mjJi>WfttZ&<Zb 

©ftni-3fc«»an, -^I'yflaBu 7 5 4« 

X-f -y^HUS 1 7 5 5 BtMsotfT'y- hflPHNHRJH 

w4>icsB<cii:T. 2?<DV7¥-hmnmmitumiz 

[0 19 4] 01 8£#!f5-r*. 0 1 8tt*5?(H©y- 

[0 19 5] 018 (A) »*aastH«cM»*©v-^ 

#^»Bl(llI»S:fflV>fc^J«riR-r0-C»-5. ->7hVS? 
(SR) ictt. K>2 1, 2 2iD?nvJf 
tf>2 3J;t3X^-h/t;UX^A^Sn. W*/t 

105?fiIB (L AT 1 ) Ctt, tf> 2 4*95*5?$' 
)W|[*^A«A^$n, SB 1 ®7»;f^o^ 5 > 
yfcfl£oT7 , ^;m»«^©«»«|f "5. *V»T. 7k 
¥5»«»!M |*l «B 2 © 5 y 5 1 / t)W tfl tf > 2 5 <fc 0 A/J 

snst. 3$i©yyf 1 iHi»-c«fip5nTv>fc7 ! ^;w 

WWB^tt, -^\Z%2<r>vv^m& (L AT 2) 

n*. av^-r*©y-hfi^«®^iii]©»!r¥ta¥ 



(22) 
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co 1 9 6] z.nts. y-^mwmrnnni 2-o<d 
K«#tt»K*8iB£ff-rs*£. v-xflwa 
sn-m. i y- hm^«a^»iiBirtoi»¥i5«j;^a¥cD 

WlMRmft? ay 2 fiKf -S^Stf* 5. 

£ft*B2 9, B3 0*#MUTR?9r*. 
CO 1 9 7] B2 9tta*©B?IB»H;S5tK:43tt.5*'r 
5>y?-*-hT**. *BttVGA, 4bfyhBrM. 
7U-AfflS»6 0 [Hz] ©*£■ (1»(BIC6 07U 

Kf. 

[0198] imMm<Dmm<%£\z%7R2tiz>M 

(Ta n : n=l, 2. • • •) ttXrO 0&T) 
JfflIB (Ts n : n=l. 2. • • •) SWT*. 171" 

te. tfTsxO (AflT) »IB©fi;*£. Ts i : Ts 2 : 
•••Ts n -i : Ts D =2°-l : 2D-2 : ... : 2 1 : 2<*t 

tt4fcfy hfflfWT»«ror. Tsi:Tst:T8j:T 
s 4 =23 : 22 : 2l : 2°i:^*. 
CO 1 9 9] (*£&*) MIHtt4 8 2 (4 8 

oa+^5-2strs«^-) &©y- h**HRa$y«i 

' ¥©. Fyhy-y-tf>7-U>y»!IBT. 1*¥#!IB# 

7>y ?4ffllBT, 1 *¥*8IH#©x-* 
*»-*KJB 2 C7 y ?TOlc«a;5ft*. 
[02 00] B30te, Hi 7. Bl 8 (A) iCjRLfc 

5>^^-SS:^LTVia. 171— £*PNiB2 9 
<!:IB«. a^tfy H8^©U-77^-A$ra*irr£> 
*», *XffO«fl***JBW««fr. lt?©y-M3*J 

»a$U(iiBa<*R <*m.9Uz&>T\z2^) ©-y-yy 
- h*^«s^m*^ t. astj-yy- hra^atas? 
»MT*t&**fr3Tv>«iB. ^-©itww-b-yy- i- 

BBJteLTUSfcje). 7FUX (##&*) ^IBtU-Xx 
5. 

[0 2 0 i] i y- vfemammw okw- 

mm & 2 oo-y-yy- hm^»a^«iiuic^a i/r v> 



(C. Ky hT-*V>7"V>t/m%£Zfy : -5'7y? 

mz. xmtmxiR L^j-^msamm 
&£R»T*mmmm$:m-rz\zte, y-x« 

[0 2 0 2] 018. (B) tt. iSST? h >J ^XWWfflt 
2»©y-X«^«BttEII&*KlfT.50iJ-?*$. *#j 
TKSUTSlElKtt, JB2©yy^@»i:iS3K«i:©|ll]|c 
X-fy^Bl 8 5 4, 1 8 5 5 ->7 f» 

X*E». aiWyy^gfr. S82©yy7TEl»©H£ 
OftffttH 1 8 (A) i^«T*5©TW^*#Br* 

*t, 2t3©v-x^»jBi!i0»©rt, -^teflr*©-* 
7"y-h«^«a^iBirt©»€rii**asL. 
*#m yy- h«^»a^«3Mrt©*#ii*ta^-r 

•5. y- HB^iftJBSblelB 1 8 5 2 icHLTtt. B 1 7 

[0 2 0 3] X-f y?®»l 8 5 4,' 1 8 5 5»Ctt, 5 
y?tB/j«0»*«^*t, i*&SW&g»©ft^»£ 
tfl/TA/J 3*1-5. Bl 8 (B) -m. kf>3 1,3 2 

WN-^ilLTEfcSttTtefrlCArtLT'fcfil.i. ^ 
SO, X-fy^SSl 8 5 4, 1 8 5 5 ttgNfiMCftfE 

u wfnfimmzm<.z.t<Ms.\^^\zmmtif\.. -yj 

©X-f y 5^feIB 1 8 5 4 ttlW¥©-y-7"y- 
Mn>fK:A4«*«&tr»nK:n*. %5-7J©X-ry 
^®K1 8 5 5tt^©-y-7"y-S«#«a^?MIBI^t 
^*»$jitJ»5iatcBi<. Z. (Dffif t. H« ©Id 
^&-TS. C©i^)5:W^©[5igs^fflv^c:iT, V- 

©•9-7-y- bttmwBm<D*n*n<Dm\zjEi*\z 

h U ^7>©ilfi!Cffi«ilI»!i«Eil$n*feJ6, SB 

[0 2 0 43 B3 lSr#Sa-T*. B3 HSBl 7, Bl 
8 (B) CSbtlHl»*^ViT. *^©B»^fft*5e 

^-rsfeje)©^ 5>y^Y-s*^LTv»5. 17^ 

-AJWB«»Ky hS!c^©D-7-7^-A»iW*#L, 
$5lC-f-©^7*7P-A«W^4 8 2 (4 8 0&+^5 
-2atTS«#) S«>y-hfll^ifflHR«IB (tK¥» 
IB) *^T5AttB3 0<!:fSJ«T»*. 
[0 2 0 5] CdT. Bl 8 (B) CwUfciifc, 1 

*©v-x«^»«:** (44om-c»o&«rrtt2 

fl) ©V-X«*B«ftia»tJBV»TB»L. X-fy^ 1 

isiB&ic i o ni*n*»© v— x«^iBUB»iiaKcD«^i£ v 

-X«^»l::A*J-r*»S-|;:te, B 1 8 (A) ©®»i 
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tflH«e»*atr#fc:3v»T. -weftjraijtov-xfi 

«JBilI§K©ll^i'D->^«iS»S:±^Ci7i<. 0 
I 8 (A) lC^LfclElg&tl3]#©«lS*-r«c:i:*rai«6 

to 2 o 6] *«i«ijrsufcii»K:*^*^-f 

V»feX-f y^SB (01 7 (B) (C) iCjSLfcfcOT) 
[0 2 0 7] [£J£01 1 3]*£JgflJl;:£l,>Ttt, SSJStfJ 

(8nmmw& 2 -omit- v^mmmR\zft 

[0 2 0 8] 01 9S:0BS-r«). 01 9tt2fiOV-X 

tied; mm-* b >j *x©K-flncre« 

fi*£:*l/TV>-5. HJfiflJl 2CTjKLfc01 8 (B) IC 
*5V»T, 1 CDV-X«^«JBftlIiS. ffcfrfcJB 

2ffly-*«^«E»]®l&<!:1-*£, 019 (A) T 
IS. ->7hU-^X^®» (SR) £&fflLT, ->7hU 
S1©5»^!h18A (L 1 A) . 352(07 
•yrH&A (L 2 A) . X-fv^B (SW) ©StftT 
*&Sft£W#*tm ©7-X«#aUB»[i»> 
U-^X^HK. SSlco^yTlHlS&B (LIB) . SB 2© 
7<y?®fcB (L2B) , X-fyrHK (SW) ©Sfft 

T«fijt$n*«5^» 2 © v-zfenmsmmmzin^ 

-r*. y-htiM^KIOWslKKHLTW:. 017CTS 
Lfcfc©£ffiV>ft«&H. 
[0 2 0 9] ®»©»fm:3V>T&93T£. 
X^EIBHC. H>4 1. 4 2«fcf5^n>>^fi^. tf> 

L 1 A*5«fct)tL 1 BlC«l#(C/WX*tttl^Sn-5. dft 
#SU©5-.yTVt;i/X<!:fca. 3Jl©7 5/fHS»LlA 
*3.ktfL 1 B ICW:^*;^-*^ 1 43.ktX2 t! 
>4 4.fc!3A:fi<*ft, SSlW^yT/'WXIcSE^T. XI 
#»CT-^*t»*jiStl*. £©<>:£. LI A. LIB 
liSl©7-yfAW*MT5<DT, 5Bl©7-Xte 
^«UB»lIKi:IB 2 » V-X«^««K«iIBaraKf »c» 
&V>T. *¥!»SU8m*lCtf>4 5«kl3Si2© 
yy^VVXifiXJiZtl, SBiro^-y^llKL 1A. L 
1 B Kfc^&Sn/i-r-^-SKSB 2 ©5y rSi&L 

2 a. L2Bic-c-n^n(s2&sn*. zott, an© 



AtaaE-r*) L2A*^ad^sft. jbsov-x 

WlWzWSiL&ffitotl&T-* dft£x-*B£2l 

ret"*) a*, L2B*»eai^3ft-5. 
[0210] «ht. &©-y- h^aa^wic jb 

2 O7y?0Kii®XT h 'J*Xtco|HJCE«$ftfcA 
■fyrGIKl 9 5 4tt. l**av>tt«R©flre««t> 
L-T5 ? Ttti^7« WA^Sft* Zt J;o 

T, T-*Atx-*B©^rftA^S^bT®*ffllC 

T. 0»©*ffi8Nb^Sg<i:fc-5. 
[0 2 11] *HIt«lJCt3HT^LfcEIK'b, 2-30-tJ- 

h«^»a^u8!Mic»§ii^ft^ft©flr^«:3tt 
-xte^suBtts]K©swt^ □ y *e jas£± w a c t 

fc<, 018 (A) \ZBL1i®®tm<&<D!m*:tZZ. 

[0 2 12] fcfc, *|K«<»JlCT^Lfc[lB<D»fifelCO 

*-5-©£;IU!3Hfttf&<, X< y3H3»ttfc&A*j (# 
§*JIWc43V>Ttt2A*) <33l3-;*7£aHRLTfflrtT- 
^SfcroT&fttft'WJ^fcflliiSrffl^T'bm*. Sfc 
**M^JC^Vt4X-1- 1 9 5 4©#J*0 1 9 

(B) Cift-f. ^ClTtt2A^ltil^O%(0C»LT«lJ 

^1-CtT3£*MlCK«©[a»S:fflV5ftaAV». fcfc* 

[0213] m&m 1 4]*5B5s«ajc*nT«. mm 

1 2©-a5*i03«!6«iJl 3TSLfc®»i:ttft7S:5I5I 

«»jtLTy-h«^jaa«MiBHfe2oo3-9-yy- 

[0 2 14] 02 0S#R9-r«. 0 2OK01 9tPI 
«. ->7h US>X ^HIBS: 2 7 V ^HKT^^f 

lt^-5. i&m\\zxK\,x^%mim.. %syvvv 

X^IelKtSB 1 ©7^? i iaBt«Mlz2A^fflNAND 
I»£lflTU5jai:l?«»»*?.. C©2A^lSNAN 
DEB*, SlOT^y^iagSL lAlClti^ttjJiftaSft 
THSt>eDS:NAND-A. SB l©7yfH§»L 1 B»C 
tb^J»*»Sa3?3ftTV»-S fc<0£N AND - B iSEr 
•5. 3»£*ffi«iJT^LfcB«lIll»tt5ViTfc, »1«1J1 3 
2 0<07-Xffi^»UB«]|518&£, •>7hl'i?X 
*®2&«:*ffli:LT-*ll:LfcJgHgTfcl3. ^-ft^ft, 
^ 1 ©7-Xte^8JK»l38&, «2©y-x«^»JBl!i 
®»i:-r*. y-hfc^SUEttllBCHLTtt. 
S^£0IJ 1 3 0 1 7 lCT5RLfct>©£fflV*h.«fi 
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4SH2O01-324958 



[0 2 15] BBcMWPlcoHTRWr*. ->7hl/S> 

x^@»ictttr>4 1. 4 2«tD*ny£fl» (en* 
»io^n?/^«^i:-r<&) a*. e>4 3iox 

tvwxtfAfiSh. JHSK/wxtffflTjana. 

«HTCO^;^tt, NANDlsI»©2A;>J«iiH?©3-5 
©-2riCArt;*ns. NAND-A©gi*-;ft©A7jSS 

D>yJrm^©2ffi£Dffl&»*Wri«^ (CtltK*. 

SB2cD^ny^«^«taiers) *<A7jsn. nand 

-B©SS5-#©A7J«HPlCtt, JB2©*n?*fi»0 
L 1 A. LI Bfctt, >7 hWXMnMtfiOllttJSl 

>i*©¥#0/wx«*^«/wk***A*j3n*. c 

Oi#. LlACAaSttft/WXtt. MEi'7hl'3> 
X^B**>60ffl^/t;^©tti|i», L 1 BCA£3h 
a/WXttttES^ h U^X^Bafrerotttfj/WX© 

&¥#•©*< s >{mwi snrv>«. £Uft»siMm i 
na. 

[0 2 16] 3*0, ;t^ffT5L&B*«Jll»«C 
£fc«fc0. fdKDyy ^BKEUS CDAf^I^dtM 1 3 T 

©ftfls* □ v 7 £, «««IJ 1 3 Tttc LfclHl8&©¥#K:«J 
B»©«8jttl*J±©ffiT*r 

eh. Huaw*©x?ibw>*4t»-r«. 

[0 2 17] ^IWciJ^TjrcbfcBS&'fe. V-X« 

HURWIi:-r<&Ci:**r€r5fc». V-X«*t»JBIlE 
»Oftfli^ny^*«t±lf*Ci:ft<, HI 8 
(A) C«L&IH*iH»fi!)fflUfir*Ct*»WMEitt 

©«6"Cittt L-T 1 6 a y ZWtMX&t 

[0 2 18] *IBWUICT«UfciaaW)«|jSEl!:"3 
V>Tte. ^h^ifl, 5yfia», NANDB 
»MEflHtOl>0«*0**«V»Tt>A<. X-f-y^K 
2 0 54iaaRA^ C*S0l«C*V»Ttt2A*) ©3 
L-TtHrtT** fc©T&n«W>rmfc*jS 

&. Hi 9 (B) f3RLfc*>©£H«Tfiv'». S&. N 
AND-BKA7J£tt*82©£n?4rfi4*©RI£flM* 
tt, H2 0fC*HTtt3B2©^n5/irfi^*»6-f 

t>AV>. 

[0 2 19] [XAtPJl 5]**W©R»»tfe*, SSKiC 
•^■CTflWi-r***, BKf*3a5T±f *«^©il 



[0 2 2 0] B»B»*fflTfflr5©iIEC***-f 5 > 

*J:3G^-y>*Bofc±TIAtt]WtonTV»*. flj 
Att. 1 7 U-AMVJ= 1 x y- 

+»*»W t L . feUy- h«*HKg*>WX WHS** 
£Ufc«£lC<t>, MH^MT-E-©iIjt£fc»iKL. &©7 

[0 2 2 1] *JHHlc*V»T. l*¥*8M£fif!i*.tf2^ 
OiW- hffi#«SSU(ilB]lC^jr*IR(Ztt, H3 5 

tt. y-hffi^l9^/wxi/wx#©eic$j;3£ 
l«B##A*£3fcUfcWU*fcS&K cine, H 

3 5 c*v»T. -c-n^n. -tf-yy- MmHRnxa 
GE#) iUT^bTVi*. «! i ©y- Mg^Hsfc/t 
;k* iff i, mi ©y- Mmrawfc* i + iff 

I, »2©y-hflWB»#/Wx iffl, *J,*tfSB2 

XHfc, Sj^ttW-MmHMKWX GE#) © 

1 W8##ATDTV>£©atfc>!&>£. 

[0 2 2 2] tt¥©*7*y-h«<HKWRJWIlc*^T- 

«. -s-yy- bMKm^v^m i , i f?§ ©* 1 © 
y- mwmhiw^wi i (atRSttTnatftig. 

BB©ffl*7j K«k^TttB$?KjgCiSV>TL o tttr>X 
fc*fofcv>) ran*. IfrS0y-N«41*ffiHR3tt 

&¥©-if7y-hte^«aiRjfflmi-^Tii, -9-7 

y- hMWBiR/WxaiL o . i ffgoSS 2 ©y- hft 
^HS&vWxaiH i (SS?snTV>*tKH, B»©& 

vo ©b». iffi©y-h«4HfcWfflRsn*. 
[0223] rjiT, ^yy-MmwjR/v^t, y 

^-f5>yrn©««iUTtt. y-h«^« 

SS?/^l-7IC»UT. -9"7y- h»IMaj?/WX!jt3in 

z.-c\mw&wmztzttit>, y- bfemamwvm 
ati*«#t, ffi»^<m^3ns«#t^3i3c. 

[0 22 4] ( 1 ) -U-yy- hJ«BWl^^3M»lT 

H3 6 (a) iE«^-f 5 >yra^sn 

5*&o^y- h)8WBf?A^X* 9 0 0 1 IC#U 

»nTtfi^sn-5-!J-7y- k«WjWi^;wx*9 0 0 2 
h*. «y-h<i^«e, u-7y-hfliroB« 
^;i-7*tH i y-h»^«awffliw©a(r¥K:a« 
an. loop*, y-wnmmmaa&zmiRz 



[0 2 2 5] y-h«#«a««WOlW¥lC*ViT»i, 
i ffB©iB 1 <nf- MMiOK/W;* 9 0 0 3 ifi^i) 

snfca. ++mtiTvzry- hmmi/vvz 9 0 0 

2tfH i tt3.Z>. ioT, /t>KX9 0 0 7-BK<*ft£# 
IB, iffB©y-MI^»a«aK1*)!g«i:fca. f 
-h^m&m<D&#\Z*i^T\t. iff§©»2© 

fcV>. iot, /U-X9 0 0 9-C^Sn**8Wte. if? 

iffB»352©y-K*^«a^yv^^Lo <#8& 
tKJg) £fc*£T©MIH!. Oi0/t;WX9 0 1 OTmZ 

nam iffBoy-h«^«tsa^«jg«h^.5. i 

/U1/X90 08, 90 1 1. 9 0 1 2T^$n*MW« 

ttSiK#ffton*. 

[0 2 2 6] £©££, tJ-^y- h«^«^MIBI©S5 

gffftl 3 tcx^ L fc. Vff- hmnBMWKNIa-Ji 
Tli!Mft«<*«:. ^s-^Tfi'J-fey hffi^S**iitr 

[0 2 2 7] (1-1) gWCMkffi*. &¥fc'J-fe>;/ 

i ff b, i + 1 ff§©y- hft-%»#, -en^n*^© 

*7y-MOTTlK«*4:fr*»WH:, 9 00 7. 9 
0 0 8T*T.fc3K:. **©*< S^ya^^ftT 
t>*iW. C©3"T 5 >yp i ffI©MMHHqr*&£ 

n*fc©, iWNcas&iwM&ijfcu. 

[0 2 2 8] cniCWbT, ifrB, i + lfrBwy- 

ifc5J8Wte, 900 9, 901 0. 901 1. 901 
2T3R*\k3C, «y-hfll^«a^8fBI©+T20© 

Mwic^nscii-^*. d©«^-. iffaoy-h 
«^iSWt9 0 0 9-C*T*-f 5 >yTa^'$n-5«iM 
a. *&b i - iff aoy- hflr^«^as?$nTVi-£ 
s<tmir$>z. mmz, i + iffB©y-hflr*t«# 
901 iT^r^-f3>yTSW$n^tt. 

ifrBlCfc^Tte, 9 0 0 9-pjR-r^-f 5> 

yriii - iffBic*tatru-fe>y 

ft. i+lffBKfc^Ttt. 90 11T?it^s>^ 

rtt i ffsc«*atiy-fey hw**»*ii*n*ct 

CfcS. tt&irUT. **©^-f3>yj;r)til7K¥«l 

fc*e>, ^^^raHTtt^^iv^*. *fc. -en-en*) 

ff©'J-(ly Nfc^tfBt&^nfc&T, 9 0 10, 90 

1 2T^-r^i-3>yTtt-E-n^niffB, i + iffa 



(25) «fBB2001-324958 
(0 3 6 (B) ) 

[0229] d-2) mw-tyhm, mm 

K7», y*yMB*W*&*nTELIff»*I«rr 
[0 2 3 0] 9 00 9. 90 1 1TSr«MT, Iff 

b, i + iffB©y-h«*Hfe&«H$?3n&>f. iffs 

C*V»Ttt, i - lffl©«WMI^jWi*a*n, i-t- 

iffec*k>Tttiffi©wM»*i»*a«n*. fc 

£U ^©iSSilC 9 0 1 0. 9 0 1 2TjfcT*'f 5>y 
.TStPy-h«^«>iS^tt«tft:D. £©S8HSTtt-e 

n*nEi/v>wMr^]iw*a*n«ft», -en-en© 
ff-e»awwt^*»±»*an«wtao. 

ttftSfcV*. (03 6 (C) ) 

[0231] ( 2 ) *yy- hjtnntt/wxtf* < ta 
B37 (a) z&mrz. iES^^-f s >ycta^sn - 

*«*©-!W-HBI«Wi/Via*9 1 o i c»u 

¥<tu^$n*-y-^y- h»im»^;^£9 o o 2t 
s*. *y- -*yy- namsttst 

)1>*#H i ©B*. y-hffi^«a«)fflM©8II¥K:S«$ 

n. low. y-Hf«mwu«n©a¥ic»i&n 
[0232] y-Ht4M«Rffn©ir¥c«v>Ta. 
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(57) Abstract 



An electroluminescent device comprises a semiconductor layer (4) in the form of a thin dense polymer film comprising at 
least one conjugated polymer, a first contact layer (5) in contact with a first surface of the semiconductor layer, and a second con- 
tact layer (3) in contact with a second surface of the semiconductor layer. Hie polymer film (4) of the semiconductor layer has a 
sufficiently low concentration of extrinsic charge carriers that on applying an electric field between the first and second contact 
layers across the semiconductor layer so as to render the second contact layer positive relative to the first contact layer charge car- 
riers are injected into the semiconductor layer and radiation is emitted from the semiconductor layer. The polymer film can be po- 
ly(r>phenyenevinylene) [PPV] of formula (I) wherein the phenylene ring may optionally carry one or more substituents each inde- 
pendently selected from alkyl (preferably methyl), alkoxy (preferably methoxy or ethoxy), halogen (preferably chlorine or bro- 
mine) or nitro. 
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Title Of the InvPnfinn 
ELECTROLTTMTWBSrBWT nFurrgp 
Field Of the InvpnHnn 

The present invention relates to electroluminescent (EL) 
devices, and in particular EL devices in which the light- 
emitting layer is a semiconductor. 

Background Of fcfag TnvpnHn. 

Electroluminescent (EL) devices are structures which emit 
light when subject to an applied electric field. The usual 
model for the physical process in a semiconductor used in this 
way is through the radiative combination of electron-hole 
pairs which are injected into the semiconductor from opposite 
electrodes. Common examples are light-emitting diodes based 
on GaP and similar IIl-v semiconductors. Though these devices 
are efficient and widely used, they are limited in size, and 
are not easily or economically used in large area displays. 
Alternative materials which can be prepared over large areas 
are known, and among the inorganic semiconductors most effort 
has been directed to ZnS. This system has considerable 
practical drawbacks, primarily poor reliability. The 
mechanism in ZnS is believed to be one where acceleration of 
one type of carrier through the semiconductor under a strong 
electric field causes local excitation of the semiconductor 
which relaxes through radiative emission. 

Among organic materials, simple aromatic molecules such 
as anthracene, perylene and coronene are known to show 
electroluminescence. The practical difficulty with these 
materials is, as with ZnS, their poor reliability, together 
with difficulties in deposition of the organic layers and the 
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current-injecting electrode layers. Techniques such as 
sublimation of the organic material suffer from the 
disadvantage that the resultant layer is soft, prone to 
recrystallisation, and unable to support high temperature 
deposition of top-contact layers. Techniques such as 
Langmuir-Blodgett film deposition of suitably-modified 
aromatics suffer from poor film quality, dilution of the 
active material, and high cost of fabrication. 

An electroluminescent device utilising anthracene is 
disclosed in US-A-3, 621,321. This device suffers from high 
power consumption and low luminescence. In an attempt to 
provide an improved device, US-A-4, 672,265 describes an EL 
device having a double layer structure as its luminescent 
layer. However, the suggested materials for the double layer 
structure are organic materials which suffer from the 
disadvantages mentioned above. 

Summary of the TnvP.nHnn 

The present invention seeks to provide an 
electroluminescent device in which the above mentioned 
drawbacks are obviated or at least mitigated. 

The present invention provides in one aspect an 
electroluminescent device comprising a semiconductor layer in 
the form of a thin dense polymer film comprising at least one 
conjugated polymer, a first contact layer in contact with a 
first surface of the semiconductor layer, and a second contact 
layer in contact with a second surface of the semiconductor 
layer, wherein the polymer film of the semiconductor layer has 
a sufficiently low concentration of extrinsic charge carriers 
that on applying an electric field between the first and 
second contact layers across the semiconductor layer so as to 
render the second contact layer positive relative to the first 
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contact layer charge carriers are injected into the 
semiconductor layer and radiation is emitted from the 
semiconductor layer. 

The invention is based on the discovery by the present 
inventors that semiconductive conjugated polymers can be 
caused to exhibit electroluminescence by the injection of 
charge carriers from suitable contact layers. 

Semiconductive conjugated polymers ES£ are known. For 
example, their use in an optical modulator is discussed in 
EP-A-0294061. In that case, polyacetylene is used as the 
active layer in a modulating structure between first and 
second electrodes. It is necessary to place an insulating 
layer between one of the electrodes and the active layer so as 
to create a space charge region in the active layer which 
gives rise to the optical modulation effect. Such a structure 
could not exhibit electroluminescence since the presence of 
the space charge layer precludes the formation of 
electron/hole pairs whose decay gives rise to radiation, it 
will be clear in any event that the exhibition of 
electroluminescence in EP-A-0294061 would be wholly 
undesirable since the optical modulation effect would be 
disrupted thereby. 

In the device of the present invention, the conjugated 
polymer is preferably poly (p-phenylenevinylene) [PPV] and the 
first charge injecting contact layer is a thin layer of 
aluminium one surface having formed a thin oxide layer, the ■ 
first surface of the semiconducting layer being in contact 
with the said oxide layer and the second charge injecting 
contact layer is a thin layer of aluminium or gold. 

In another embodiment, the conjugated polymer is PPV, the 
first contact layer is aluminium or an alloy of magnesium and 
silver and the second contact layer is indium oxide. 
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In yet another embodiment/ the conjugated polymer is PPV 
and one of the contact layers is non-crystalline silicon and 
the other of the contact layers is selected from the group 
consisting of aluminium, gold, magnesium/silver alloy and 
indium oxide* 

These embodiments can be made by putting down either the 
first contact layer or the second contact layer onto a 
substrate, applying a thin film of PPV and then putting down 
the other of the first and second contact layers. 

Preferably the polymer film is of substantially uniform 
thickness in the range 10 nm to 5 pm and the conjugated 
polymer has a semiconductor band gap in the range leV to 
3. 5eV. Furthermore the proportion of the conjugated polymer in 
the electroluminescent areas of the polymer film is sufficient 
to achieve the percolation threshold for charge transport in 
the conjugated polymer present in the film. 

A second aspect of the present invention provides a 
method of manufacture of an electroluminescent device wherein 
a semiconductor layer in the form of a thin layer of a dense 
polymer film comprising at least one conjugated polymer is 
deposited onto a substrate by the steps of depositing a thin 
layer of a precursor polymer as a thin polymer film onto the 
substrate and then heating the deposited precursor polymer to 
a high temperature to form the conjugated polymer, a thin 
layer of a first contact layer being placed in contact with a 
first surface of the semiconductor layer and a thin layer of a 
second contact layer being placed in contact with a second 
surface of the semiconductor layer, wherein the polymer film 
has a sufficiently low concentration of extrinsic charge 
carriers that on applying an electric field between the first 
and second contact layers once in contact with the 
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semiconductor layer so as to render the second contact layer 
positive relative to the first contact layer charge carriers 
are injected into the semiconductor layer and radiation 
emitted from the semiconductor layer. 

By conjugated polymer is meant a polymer which possesses 
a delocalised tt -electron system along the polymer backbone; 
the delocalised tt -electron system confers semiconducting 
properties to the polymer and gives it the ability to support 
positive and negative charge carriers with high mobilities 
along the polymer chain. Such polymers are discussed for 
example by R.H. Friend in Journal of Molecular Electronics 4 
(1988) January-March, No. 1, pages 37 to 46. 

It is believed that the mechanism underlying the present 
invention is such that the positive contact layer injects 
positive charge carriers into the polymer film and the 
negative contact layer injects negative charge carriers into 
the polymer film, these charge carriers combining to form 
charge carrier pairs which decay radiatively. To achieve 
this, preferably the positive contact layer is selected to 
have a high work function and the negative contact layer to 
have a low work function. Hence the negative contact layer 
comprises an electron-injecting material, for example a metal 
or a doped semiconductor that, when placed in contact with the 
polymer semiconductor layer and made negative with respect to 
the polymer semiconductor through application of an external 
potential across the circuit, allows the injection of 
electrons into the polymer semiconductor layer. The positive 
contact layer comprises a hole-injecting material, for example 
a metal or a doped semiconductor that, when placed in contact 
with the polymer semiconductor layer and made positive with 
respect to the polymer semiconductor through application of an 
external potential across the circuit, allows the injection of 
positive charges, commonly termed "holes", into the polymer 
semiconductor layer. 
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In order to produce the desired electroluminescence, the 
polymer film must be substantially free of defects which act 
as non-radiative recombination centres, since such defects 
prevent electroluminescence. 

By "dense" polymer film is meant that the polymer film is 
not fibrillar and is substantially free of voids. 

One or each of the contact layers can include, in 
addition to the layer of charge injecting material, a further 
layer of a material, preferably an organic material, which 
serves to control the injection ratio of electrons and holes 
into the EL layer and to ensure that radiative decay takes 
place away from the charge injecting material of the contact 
layers. 

The film of conjugated polymer preferably comprises a 
single conjugated polymer or a single co-polymer which - 
contains segments of conjugated polymer. Alternatively, the 
film of conjugated polymer may consist of a blend of a 
conjugated polymer or copolymer with another suitable polymer. 

Further preferred features of the polymer film are that: 

(i) the polymer should be stable to oxygen, moisture, 
and to exposure to elevated temperatures; 

(ii) the polymer film should have good adhesion to an 
underlying layer, good resistance to thermally-induced and 
stress-induced cracking, and good resistance to shrinkage, 
swelling, recrystallisation or other morphological changes; 

(iii) the polymer film should be resilient to ion/atomic 
migration processes, e.g. by virtue of a high crystallinity 
and high melting temperature. 
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Embodiments of the present invention will now be 
described by way of example only, with reference to the 
accompanying drawings. 

The film of conjugated polymer is preferably a film of 
poly(p-phenylenevinylene) [PPV] of formula 




wherein the phenylene ring may optionally carry one or more 
substituents each independently selected from alkyl 
(preferably methyl), alkoxy (preferably methoxy or ethoxy), 
halogen (preferably chlorine or bromine) , or -nitre. 

Other conjugated polymers derived from 
poly(p-phenylenevinylene) are also suitable for use as the 
polymer film in the EL devices of the present invention. 
Typical examples of such derivatives are polymers derived by: 

(i) replacing the phenylene ring in formula (I) with a 
fused ring system, eg replacing the phenylene ring with an 
anthracene or naphthalene ring system to give structures such 
as:- 



\ 



\_ / 



CM r CM 
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These alternative ring systems may also carry one or more 
substituents of the type described above in relation to the 
phenylene ring. 

(ii) replacing the phenylene ring with a heterocyclic 
ring system such as a furan ring to give structures such as:- 




As before, the furan ring may carry one or more 
substituents of the type described above in relation to 
phenylene rings. 
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(iii) increasing the number of vinylene moieties 
associated with each phenylene ring (or each of the other 
alternative ring systems described above in (i) and (ii)) to 
give structures such as:- 



\_/ 



-CH = CHfc 




mi = ciij- 



J- 




4ch = or- 



wherein y represents 2, 3, 4, 5, 6, 7, 



Once again, the ring systems may carry the various 
substituents described above. 



These various different PPV derivatives will possess 
different semiconductor energy gaps; this should permit the 
construction of electroluminescent devices which have emission 
at different wavelengths covering the entire visible part of 
the spectrum. 
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The film of conjugated polymer may be prepared by means 
of a chemical and/or thermal treatment of a solution - 
processible or melt-processible "precursor" polymer. The 
latter can be purified or pre-processed into the desired form 
before subsequent transformation to the conjugated polymer via 
an elimination reaction. 

Films of the various derivatives of PPV described above 
can be applied onto a conducting substrate in similar manner 
by using an appropriate sulphonium precursor. 

In certain circumstances it may be advantageous to use 
polymer precursors which have a higher solubility in organic 
solvents than the sulphonium salt precursors (II). Enhanced 
solubility in organic solvents can be achieved by replacing 
the sulphonium moiety in the precursor by a less hydrophilic 
group such as an alkoxy group (usually methoxy) , or a 
pyridinium group. 

Typically, a film of poly(phenylinevinylene) is applied 
onto a conducting substrate by a method which relies on a 
reaction scheme such as is illustrated in Figure 1. The 
sulphonium salt monomer (II) is converted into a precursor 
polymer (III) in aqueous solution or in a solution of 
methanol/water, or methanol. Such a solution of the 
pre-polymer (III) can be applied onto a conducting substrate 
by means of standard spin-coating techniques as used in the 
semiconductor industry for photoresist processing. The 
resultant film of precursor-polymer III can then be converted 
into poly(phenylene vinylene) (I) by heating to temperatures 
typically in the range 200-350°C. 

Details of the conditions necessary for the chemical 
synthesis of the monomer (II), its polymerisation to the 
precursor (III) and its thermal conversion to PPV are 
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described in the literature, for example in D.D.C. Bradley, 
J, Phys. D (Applied Physics) 20, 1389 (1987); and J.D. Stenger 
Smith, R.W. Lenz and G. Wegner, Polymer 30, 1048 (1989). 

We have found that with poly (phenylenevinylene) films of 
a thickness in the range 10 nm to 10 micrometres can be 
obtained. These PPV films are found to have very few pin 
holes. The PPV film has a semiconductor energy gap of about 
2.5eV (500nm); it is robust, shows little reaction with oxygen 
at room temperature, and is stable out of air at temperatures 
well in excess of 300°C. 

Enhanced ordering in the conjugated material may be 
achieved by modifying the leaving group of the precursor 
polymer to ensure that the elimination proceeds smoothly via a 
simple reaction without generation of additional intermediate 
structures. Thus, for example, the normal dialkyl sulphonium 
moiety can be replaced with a tetrahydrothiophenium moiety. 
The latter eliminates as a single leaving group without 
decompositon, as is seen for dialkyl sulphide, into an alkyl 
mercaptan. In the examples described here, the precursor 
polymers used include both that with the dialkyl sulphonium 
moiety chosen as dimethyl sulphide and as 

tetratryebrothiophene. Both precursors produce film of PPV 
suitable for use in the device structures shown in examples 
below. 

A further material which may be suitable for forming the 
film of conjugated polymer is poly(phenylene) . 

This material may be prepared by starting from 
biologically synthesised derivatives of 

5,6-dihydroxycyclohexa-l,3-dienes. These derivatives can be 
polymerised by use of radical initators into a polymer 
precursor that is soluble in simple organic solvents. This 
preparation of poly(phenylene) is more fully described in 
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Ballard .et al, J. Chem. Soc. Chem. Comm. 954 (1983). 

A solution of the polymer precursor can be spin coated as 
a thin film onto a conducting substrate and then be converted 
to the conjugated poly(phenylene) polymer by a heat treatment, 
typically in the range 140 to 240°C. 

Copolymerisation with vinyl or diene monomers can also be 
performed so as to obtain phenylene copolymers. 

A further category of materials which can be used to form 
the required film of conjugated polymer is a conjugated 
polymer which is itself either solution processible or melt 
processible by virtue of the presence of bulky pendant side 
groups attached to the main conjugated chain or by virtue of 
the inclusion of the conjugated polymer into a copolymer 
structure of which one or more components are non-conjugated. 
Examples of the former include:- 

(a) Poly(4,4 , -diphenylenediphenylvinylene) [PDPV] is an 
arylene vinylene polymer in which both vinylene carbons 
are substituted by phenyl rings. It is soluble in common 
organic solvents thus enabling the preparation of thin 
films. 

(b) Poly(l / 4-phenylene-l-phenylvinylene) and 
Poly(l,4-phenylenediphenylvinylene) polymers are 
analogues of PPV in which respectively one and both 
vinylene carbons are substituted with phenyl groups. 
They are both soluble in organic solvents and may be cast 
or spun into thin film form. 

(c) Poly(3-alkylthiophene) polymers (.alkyl is one of 
propyl, butyl, pentyl, hexyl, heptyl, octyl, decyl, 
undecyl, dodecyl etc) which are solution processible in 
common organic solvents and which for longer alkyl 
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sequences (alkyl greater than or equal to octyl) are also 
melt processible. 

(d) Poly(3-alkylpyrrole) polymers which are expected to 
be similar to the poly(3-alkylthiophene) polymers. 

(e) Poly(2,5-dialkoxy-p-phenylenevinylene) polymers with 
alkyl greater than butyl are solution processible. 

(f) Poly(phenylacetylene) is a derivative of 
polyacetylene in which the hydrogen atoms along the chain 
are replaced by phenyl groups. This substitution renders 
the material soluble. 

In some circumstances it may also be appropriate to form 
polymer blends of the conjugated polymer with other polymers 
so as to obtain the required processibility of the polymer and 
thereby facilitate forming of the required thin uniform films 
of the polymer on the conducting substrate (the charge 
injecting contact layer). 

When such copolymers or polymer blends are used to form 
the film of conjugated polymer, the active region of the 
electroluminescent device which incorporates the said film of 
conjugated polymer must contain a volume fraction of 
conjugated polymer which is greater than or equal to the 
percolation threshold of the copolymer or polymer blend. 

The semiconductor electroluminescent layer may be formed 
as a composite layer with layers of polymers with different 
band gaps and/or majority charge species so that, for example, 
concentration of the injected charge, from the charge 
injecting contact layer, within a particular region of the EL 
device may be achieved. Composite layers may be fabricated by 
successive deposition of polymer layers. In the case where 
films are deposited in the form of the precursor by spin- or 
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draw-coating to the conjugated polymer, the conversion process 
to the conjugated polymer renders the film insoluble, so that 
subsequent layers may be similarly applied without dissolution 
of the previously deposited film. 

Brief description of the drawings 

For a better understanding of the present invention, and 
to show how the same may be carried into effect, reference 
will now be made, by way of example, to the accompanying 
drawings in which: 

Figure 1 is a formulae drawing showing a reaction scheme 
for laying down the conjugated polymer; 

Figures 2 and 3 are sketches of an electroluminescent 
device in accordance with the present invention; 

Figure 4 is a graph of the electroluminescent output of 
the device described with reference to Figures 2 and 3; 

Figures 5 and 6 are graphs of current f low VS light 
emission, and output intensity VS applied voltage, 
respectively for an electroluminescent device according to 
another example of the invention; and 

Figures 7 and 8 are graphs respectively of the current 
output and electroluminescent intensity of a further example 
of the invention, 

DggCEipUon of the preferred embodiments 
Example 1 

Referring now to Figures 2 and 3 an EL device was 
constructed as follows: 
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Onto the upper surface of a substrate of glass for 
example a silica or borosilicate glass 1 of approximately 1mm 
thickness, a first charge injecting contact layer 2 was 
formed. The charge injecting contact layer was formed by 
thermal evaporation of aluminium through a shadow-mask 
resulting in a layer of approximately 20 nm in thickness. The 
shadow-mask was used to define a pattern which was a series of 
parallel strips of width 2mm, separation 2mm and length 15 
mm. The resulting aluminium charge injecting contact layer 
was then exposed to the air to allow formation of a thin 
surface oxide layer 3. This then formed the electron 
injecting contact layer. 

A solution of the precursor to PPV, in methanol, having a 
concentration in the range 1 gram polymer to 10 to 25 ml of 
methanol, was spin-coated onto the combination substrate 
described above. This was achieved by spreading the polymer 
solution over the whole surface of the combination substrate 
and then spinning the substrate, held with its upper surface 
horizontal, about a vertical axis at speeds of up to 5000 
r.p.m. The resultant substrate and precursor polymer layer 
was then heated in a vacuum oven at a temperature of 300°C 
for 12 hours. This heat treatment converted the precursor 
polymer to PPV, and the resultant PPV film 4 had a thickness 
in the range 100 to 300 nm. The minimum requirements for the 
film thickness is set by the film conductance and a lower 
limit is in the region of 20 nm. However, the preferred range 
of thickness is 20 nm to 1 \im. 

A second charge injecting contact layer (5) was then 
formed by the evaporation of gold or aluminium onto the PPV 
film. A shadow mask was again used to define a pattern on the 
surface of the PPV film so that a series of parallel strips of 
width 2mm, separation 2mm and length 15 mm was formed rotated 
at right angles to the first charge injecting contact layer 
strips. The thickness of the second charge injecting contact 
layer was in the range 20-30nm. This then formed the 
hole-injecting contact layer. 
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It is preferable that at least one of the charge 
injecting ^contact layers is transparent or semitransparent in 
order to allow light emission from the EL device perpendicular 
to the plane of the device. This is achieved here with 
aluminium >and gold layers of a thickness not exceeding 30 mm. 
For a device with the thickness of the PPV layer about 200 nm, 
the threshold voltage for charge injection and the appearance 
of strong electroluminescence is about 40 volts. The voltage 
gives a threshold electric field of 2 x 10 6 Vcnf 1 . At a 
current density of 2mA/cm 2 the light emission through the 
semitransparent electrodes was visible by eye under normal 
lighting conditions. The output of the device showed only 
weak dependance on frequencies up to 100 kHz, This 
demonstrates that the response time of the EL device is very 
short and is faster than 10 microseconds. When in use the EL 
device was operated in air with no special precautions taken 
and exhibited no obvious indications of degradation. 

The light output from the device was spectrally resolved 
with a grating monochromator and detected with a silicon 
photovoltaic cell, and measurements were performed both at 
room temperature (20°C) and also with the device' held in a 
cryostat with optical access, at low temperatures. Results 
are shown in Figure 4. The EL spectrum shows light output 
over the spectral range 690 to 500 nm (1.8 to 2.4 eV) with 
peaks separated by about 0.15 eV which shift in position a 
little with temperature. 

Other materials which are suitable for use as an 
electron-injecting contact layer because they have a low work 
function relative to the EL layer are: n~doped silicon 
(amorphous or crystalline), silicon with an oxide coating, 
alkali and alkaline-earth metals either pure or alloyed with 
other metals such as Ag. Also thin layers of n n-type doped* 
conjugated polymers may be interposed between a metallic layer 
and the electroluminescent polymer layer to form the 
electron- injecting contact layer. 
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Other materials which are suitable for use as a 
hole-injecting contact layer because they have a high work 
function relative to the EL layer are: indium/tin oxides 
(which are transparent in the visible part of the spectrum), 
Platinum, nickel, palladium and graphite. Also thin layers of 
"P-type doped" conjugated polymers, such as electrochemically 
polymerised polypyrrole or polythiophene may be interposed 
between a metallic layer and the electroluminescent polymer 
layer to form the hole-injecting contact layer. 

The above mentioned materials may be applied as follows: 
all metals except those with very high melting point 
temperatures such as platinum may be deposited by evaporation- 
all metals including indium/tin oxide may be deposited using ' 
DC or RF sputtering and also electron beam evaporation; for 
amorphous silicon deposition may be done by glow-discharge 
deposition from mixtures of silane and dopants such as 
phosphine. 

The following are some examples of structures using these 
materials. 

Example ?- 

The structure for this example is built up as a series of 
layers on a glass substrate. First, a layer of conducting but 
transparent indium oxide was deposited onto the substrate by a 
process involving ion-beam sputtering from an indium target in 
the presence of oxygen. 

Samples are prepared in cryopumped system with a base 
pressure of 10 mbar. The substrate is water-cooled, 
remaining at room temperature for all depositions used here. 
Ion-beam sputtering from an indium target at deposition rates 
of typically o.l nm/sec, in the presence of an oxygen pressure 
of typically 2 x 10 mbar, produced films of transparent 



SUBSTITUTE SHEET 



WO 90/13148 



PCT/GB90/00584 



- 18 - 

indium oxide with resistivities of typically 5 x 1(T 4 U cm. 
Typical thicknesses of 100 nm give specific sheet resistances 
of about 500 per square* Such films have optical 
transmission coefficients in the visible portion of the 
spectrum of better than 90%. 

These films have an amorphous structure, as determined 
from X-ray and electron diffraction measurements. 

A layer of PPV is next deposited onto the indium oxide 
layer, using the procedure described in example 1 above. A 
top contact of aluminium is finally deposited by evaporation, 
typically to a thickness of 50 nm. This structure is operated 
with the indium oxide contact layer functioning as the 
positive contact, and the aluminium contact as the negative 
contact. Light emission is viewed through the indium oxide 
layer. 

Results for a structure constructed this way, with a 
layer of PPV of thickness 70 nm, and an active area of 2 mm 2 
are shown in Figures 5 and 6. The threshold for current flow 
associated with light emission is seen to be at about 14 V in 
Figure 5. The variation in the intensity of the 
spectrally-integrated light output for the device is shown as 
a function of current in Figure 6. 

Example 3 

The fabrication of this structure is as for Example 2 . 
above up to the top metal contact. Here, we deposit by 
evaporation an alloy of silver and magnesium to form the top 
contact which acts as the negative contact. The evaporation 
is performed by heating a mixture of silver and magnesium 
powders in, a molar ration of 1 to 10 in a boat, and film 
thicknesses, of typically 50 nm were deposited. 
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Magnesium is desirable as a material for the negative 
electrode as it has a low work function. The addition of 
silver to form an alloy improves the adhesion of the metal 
film to the polymer layer, and improves its resistance to 
oxidation. The current/voltage and EL properties of these 
samples were similar to those described in Example 2. 

Example 4 

These structures were fabricated with a layer of 
amorphous silicon-hydrogen alloy acting as the negative 
electrode, and indium oxide as the positive electrode A 
glass substrate is used with an evaporated Metal contact layer 
of aluminium or chromium. The amorphous silicon-hydrogen film 
was then deposited by radio-f reguency, RF, sputtering as 
detailed below. 

The RF sputterer used has two targets, a liquid Nitrogen 
cooled getter and is operated with a target-substrate 
separation of 8 cm. The chamber has a base pressure of 

5 x 10" mbar. Magnetron targets are loaded with layers of 
n-doped Si wafers to a thickness of 3 mm. The targets are 
cleaned by presputtering for 1-2 hours prior to sample 
deposition. Substrates prepared as above are radiatively 
heated so that the temperature at the back side of the 3 cm 
thick Cu and Al substrate plate is at 250-300 °C. 
Substrates are rotated at about 6 revs/min. The sputtering 
gas used is 30% H 2 in Ar, at a pressure of 0.007-0.013 mbar, 
and is continually passed through the chamber during 
deposition. The RF power used is 250W with a reflected power 
of 2W. Deposition rates are typically 12nm/min giving 
deposition times of 1.5 hours for film thicknesses of 1 u m. 

The resulting amorphous Si is reddish brown in colour and 
has a d.c. resistivity of between 5 x 10 6 and 5 x 10 8 ficm. 
[This found by evaporating two Al pads, either above or below 
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the sample, of length 3 mm ana with a separation of 0,25 mm 
and measuring the resistance between these two contacts] . 

A layer of PPV was then applied to the amorphous 
silicon-hydrogen layer, as described in Example 1 above, and 
this was followed with a layer of indium oxide, deposited 
directly onto the PPV layer, using the procedure described in 
Example 2. 

Results obtained for a structure fabricated using the 
steps outlined above are shown in Figures 7 and 8 for a 
structure of area 14. mm 2 , and layer thicknesses of lym for 
the silicon-hydrogen, 40 nm for the PPV and 250 nm for the 
indium oxide. Figure 7 shows the current versus voltage 
characteristic for the device in forward bias (indium oxide 
positive), and Figure 8 shows the variation in integrated 
iight output with current. The onset of charge injection and 
light emission is at about 17 V, and the rise in current above 
this threshold is, due to the presence here of the resistive 
silicon-hydrogen layer, more gradual than observed in 
structures without it, as seen for example in Figure 5, 

Structures of this type did also show weaker EL in 
reverse bias (indium oxide contact negative with respect to 
the silicon-hydrogen contact). The preferred mode of 
operation, however, is in forward bias. 

Eyarpple 5 

Fabrication as in example 4, but with the top layer of 
indium oxide replaced by a layer of semitransparent gold or 
aluminium. Structures fabricated with the top layer of 
thickness about 20 nm showed EL through this top contact. 
These devices showed similar characteristics to the examples 
discussed above. 
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The method of fabrication of Example 4 could also be used 
with the contact layers described in Examples 2 and 3 . 

There are other methods, known p^r s£, for depositing 
silicon/hydrogen layers and indium oxide layers. For silicon 
this could include glow discharge of silane and evaporation. 
For indium oxide other possibilities include tin with the 
indium, to form indium tin oxide (ITO), which has very similar 
electrical properties to the indium oxide that we have used 
here. Deposition methods include evaporation, rf and DC 
sputtering. 

The choice of thickness for the charge injecting contact 
layers will be determined by the deposition technique used and 
also the desired optical transparency of the contact layer 
The ease of charge injection may be improved by constructing 
the charge injecting contact layers as composites. Such 
composites would incorporate thin layers of oxidised and 
reduced conjugated polymers for hole and electron injection 
respectively. These extra layers of conjugated polymer may or 
may not be the same as the active electroluminescent polymer 
layer. Methods of doping such materials are well known in the 
field and are clearly described in "Handbook of Conducting 
Polymers" T.J. Skotheim. 

Although in certain circumstances it is preferable that 
at least one of the charge injecting contact layers is 
transparent or semitransparent in order to allow emission of 
radiation perpendicular to the plane of the device it is not 
necessarily the case for example when emission within the 
plane of the device only is required. 

The limit to the size of the EL device produced is 
determined by the size of the substrate which can be used for 
spin-coating. For example, 15 cm diameter silicon wafers have 
been coated in this way. To coat much larger areas, 
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techniques such as draw-coating may be used instead. It is 
therefore feasible that EL devices using conjugated polymers 
with areas of square metres may be constructed. 

At least some of the conjugated polymers, including PPV, 
are capable of withstanding post-processing such as the 
deposition of metal layers in which the deposition is required 
to be at very high temperatures for evaporation, or the 
deposition of amorphous silicon layers, followed by 
photolithographic processes for the definition of active 
electroluminescent areas. Although it is preferable, with the 
use of PPV, for either spin- or draw-coating to be used as the 
methods for applying the precursor polymer to the substrate 
depending upon the conjugated polymer and the type of EL 
device required spin-, draw-coating and melt-processing are 
all methods which may be used to deposit the conjugated 
polymer onto the substrate. 

The EL device may be used in a variety of ways where 
electroluminescence is of use. It may be used where 
semiconductor LED' s have traditionally been used. it may also 
be used where traditionally liquid crystals have been used, 
the EL device having many properties which make it a desirable 
alternative to liquid crystals. 

Since the EL device is light-emitting in contrast to 
liquid crystal displays, the viewing angle is wide. 
Furthermore, large area EL devices can be achieved where 
problems associated with substrate flatness and spacing have 
been encountered with large area liquid crystal displays. The 
EL devices are particularly suitable for matrix-addressed 
displays for example televisions and computer displays. An 
example of electroluminescent devices for use in a 
matrix-addressed displays is shown in Figure 3 where the 
charge injecting contact layers are applied in strips, either 
side of the semiconductor layer, the strips of one contact 
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layer being orthogonal to the strips of the other contact 
layer. The matrix-addressing of individual EL devices or 
areas of the semiconductor layer called pixels of the display 
is achieved by the selection of a particular strip in the 
lower charge injecting contact layer and a particular strip 
at right angles to the first strip, in the upper charge 
injecting contact layer. Furthermore since the EL device has 
such a high speed of response then the EL device is suitable 
for use as a television screen, particularly since the colour 
of the emitted light may be controlled through the choice of 
the conjugated polymer and so its semiconductor band gap and 
so colour displays using green, red and blue pixels, suitable 
for colour mixing, are possible through the location of 
different conjugated polymers in the EL device. 

industrial appli^Hnn 

EL devices may also be used as individual shaped elements 
for indicators in vehicle dashboards, on cookers or video 
recorders for example. Each element may be produced in the 
required shape for the intended application. Furthermore the 
EL device need not be flat and could, for example, be formed 
after fabrication, to follow contours in three dimensions for 
example the contours of a windscreen in a vehicle or 
aircraft. For such use the precursor polymer would have to be 
applied to a suitable substrate such as transparent polymer 
film such as polyester, polyvinylidene fluoride or polyimide 
If the precursor polymer is applied to such flexible polymer 
films then continuous fabrication of the EL device, onto a 
roll, is possible. Alternatively the precursor polymer may be 
applied, using for example a draw-coating process, onto a 
pre-f abricated contoured substrate. 

Finally use of the EL devices is envisaged in optical 
communications where the EL device may be fabricated directly 
onto a prepared structure to act as a light source with 
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efficient optical coupling of the EL device with optical 
fibres and/or thin-film waveguides. A similar application is 
described in an article by Satoshi Ishihara in Science and 
Technology in Japan of July 1989, pages 8 to 14 entitled 
"Optical Information Processing". 

EL device light sources may be suitable for use as lasers. 



SUBSTITUTE SHEET 



WO 90/13148 

PCT/GB90/00584 

- 25 - 

CLAIMS : 

1. An electroluminescent device comprising a semiconductor 
layer in the form of a thin dense polymer film comprising at 
least one conjugated polymer, a first contact layer in contact 
with a first surface of the semiconductor layer, and a second 
contact layer in contact with a second surface of the 
semiconductor layer, wherein the polymer film of the 
semiconductor layer has a sufficiently low concentration of 
extrinsic charge carriers that on applying an electric field 
between the first and second contact layers across the 
semiconductor layer so as to render the second contact layer 
positive relative to the first contact layer charge carriers 
are injected into the semiconductor layer and radiation is 
emitted from the semiconductor layer. 

2. An electroluminescent device as claimed in claim 1 
wherein the conjugated polymer is poly (p-phenylenevinylene) 
[PPV] of formula 



— CI I = CI I 




('.) 



wherein the phenylene ring may optionally carry one or more 
substituents each independently selected from alkyl 
(preferably methyl), alkoxy (preferably methoxy or ethoxy) , 
halogen (preferably chlorine or bromine), or nitro. 

3. An electroluminescent device as claimed in either of 
claims 1 or 2, wherein the thin dense polymer film is of 
substantially uniform thickness in the range 10 nm to 5 V m. 

4. An electroluminescent device as claimed in any of the 
preceding claims, wherein the conjugated polymer has a 
semiconductor band gap in the range lev to 3.5eV. 
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5. An electroluminescent device as claimed in any of the 
preceding claims, wherein the proportion of the conjugated 
polymer in electroluminescent areas of the polymer film is 
sufficient to achieve the percolation threshold for charge 
transport in the conjugated polymer present in the film. 

6. An electroluminescent device as claimed in any of the 
preceding claims, wherein the first charge injecting contact 
layer is a thin layer of aluminium one surface having formed a 
thin oxide layer, the first surface of the semiconductor layer 
being in contact with the said oxide layer. 

7. An electroluminescent device as claimed in any of claims 
1 to 5 wherein the first contact layer is selected from the 
group comprising aluminium or an alloy of magnesium and silver. 

8. An electroluminescent device as claimed in claim 6, 
wherein the second charge injecting contact layer is selected 
from the group comprising aluminium and gold. 

9. An electroluminescent device as claimed in any of the 
preceding claims, wherein at least one of the first and second 
charge injecting contact layers is at least semitransparent . 

10. An •electroluminescent device as claimed in claim 7, 
wherein the second contact layer comprises indium oxide or 
indium tin oxide. 

11. An electroluminescent device as claimed in any of claims 
1 to 5, wherein the first contact layer comprises amorphous 
silicon and the second contact layer is selected from the 
group comprising aluminium, gold and indium oxide. 
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12. An electroluminescent device as claimed in any of the 
preceding claims, wherein at least of one of the first and 
second charge injecting contact layers is also in contact with 
a supporting substrate. 

13. An electroluminescent device as claimed in claim 9, 
wherein the supporting substrate is silica glass. 

14. An array of electroluminescent devices, each 
electroluminescent device as claimed in any of the preceding 
claims, said first and second charge injecting contact layers 
being arranged to permit selective addressing in said array. 

15. A method of manufacture of an electroluminescent device 
wherein a semiconductor layer in the form of a thin layer of a 
dense polymer film comprising at least one conjugated polymer 
is deposited onto a substrate by the steps of depositing a 
thin layer of a precursor polymer as a thin polymer film onto 
the substrate and then heating the deposited precursor polymer 
to a high temperature to form the conjugated polymer, a thin 
layer of a first contact layer being placed in contact with a 
first surface of the semiconductor layer and a thin layer of a 
second contact layer being placed in contact with a second 
surface of the semiconductor layer, wherein the polymer film 
has a sufficiently low concentration of extrinsic charge 
carriers that on applying an electric field between the first 
and second contact layers once in contact with the 
semiconductor layer so as to render the second contact layer 
positive relative to the first contact layer charge carriers 
are injected into the semiconductor layer and radiation 
emitted from the semiconductor layer. 

16. A method as claimed in claim 15, comprising the steps of 
firstly depositing the first charge injecting contact layer 
onto a supporting substrate to form a composite substrate then 
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depositing the precursor polymer as a thin dense polymer film 
onto the first charge injecting contact layer and then heating 
the composite substrate and the precursor polymer to a high 
temperature to form the conjugated polymer in the polymer film 
and finally depositing the second charge injecting contact 
layer onto the polymer film. 

17. a method as claimed in either of claims 15 or 16, wherein 
the precursor polymer is soluble and is deposited as a thin 
polymer film on the substrate by spin-coating. 

18. A method as claimed in any of claims 15 to 17, wherein 
the precursor polymer is a precursor polymer for poly 
(p-phenylenevinylene) [PPV] . 

19. A method as claimed in any of claims 15 to 18, wherein 
the thin dense polymer film is of uniform thickness in the 
range lOnm to 5y m. 

20. A method as claimed in any of claims 15 to 19, wherein 
the first charge injecting contact layer is a thin layer of 
aluminium one surface having formed a thin oxide layer, the 
thin oxide layer of the first charge injecting contact layer 
being placed in contact with the first surface of the 
semiconductor layer. 

21. A method as claimed in any of claims 15 
the second charge injecting contact layer is 
group comprising aluminium and gold. 

22. A method as claimed in any of claims 15 
the first contact layer is selected from the 
aluminium and magnesium/silver alloy and the 
layer is indium oxide . 
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23. 



A method as claimed in any of claims 15 to 19 wherein the 
first contact layer comprises amorphous silicon and the second 
contact layer is selected from the group comprising aluminium, 
gold and indium oxide. 

24. a method as claimed in any of claims 15 to 24, wherein 
the first and second charge injecting contact layers are 
deposited by evaporation. 

25. A method as claimed in any of claims 15 to 24, wherein 
the supporting substrate is silica glass. 

26. Apparatus substantially as hereinbefore described with 
reference to and as shown in the accompanying drawings. 

27. a method substantially as hereinbefore described with 
reference to the accompanying drawings. 
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tt, — *ttm32(I^I6fC, *>5 — ^FttWSatB 1 Oh7> 
is7*<D F U< yMCM^nt^D, 
Mffim 1 ON5>^X^<OV-X««tt«I2«jRlllc« 

ME* 2 <£> N7>yX?<OV-Xifi«t Flz-f >ffi*£ 

S4co i-^>> ? x^^^->tc^:^m i cD^r«i£> miiam 

3 <£> h^>v?X^&rXWI2*4<0 F ^vX^**:*^;: 
mJE*2co F^>>?X*tefWE* 1 Offlm^is^T* 

fflri2*2<o«BBn^*3^iT*>ic&oT*50iri2iB 1 

<D«BM^*3^^T, tulB*l(Z)h^>> ; X^c7)HU-r>m 

2] SlOh7>yX^t, *2Wh7>y 
X^£, »3(Dh7>yX?t t i4(Oh7>yX^ 

S5oh7>yx^i:, ^ytmj't, mmmt, m 

fjIBm3(7y h7>yX^OV-Xfi«i: HU-f 

\t. — *ttiWE«^«^, t>5-WJMiBSl(Oh7> 

WEJB4C0h^>S?X^OV — X««£ HU-f >S«c 
{4, -*ttWE«*»^, t>-5— *»4WEtBlOh7> 

«U 1 © h 7 >yX^« H K >a«t, ffl£% 

ttEJB5oH7>yx?©y-htiit Msem2^s 

mfS2*5c7y h7>yX^(DV-Xfi«t H U-f >«« 

17 1/-AiF B WC, 85E*3R^flffE*4<Oh-7>> ? 
X^^^>T, &45*^flftE*5C0h7>>?X^*^7 
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\zuz>w* l <nm\%\£, 

HftJdffi 3 Jklfffi&lfB 4 co h ? > "J x 9ifi* y T\ teisa* 

OfffiEtBS £0 h v >yX^^7tt^2 <0»I|yj£, 
^mtlB?g 5«h7>yX^*> IC&S^ 3 cOJSHRfj £ * 

1 (7) h ?>zsX9<D K U-T >««EO*#S*7^P* r t # 10 
7.9 S3(Oh7>y7?t, S4©h7>yX^ 

ffl}E& 1 (Oh v>v?7.^a)V — X««ttME*««tCflE 

wirsaas 2 <z> h -7 > x * <o y-^s«i hh >®m 
mmm 2 tonrnz^x. mmm 3 co h 7>yxw 

«f:S^, iffifBff! 1 (0»3WJC*5tt-5flfft2«3l£*^^SS 
*<0#«*IWWSn*^tft<*«i:T*«3tt«llcOKft 40 

4] »l(Oh7>y^t, »2<Dh7>^ 
X*£, i3(0h7>yX^t, !4(Dh7>yX^ 

»2^aE«i«:*-r**7ie««^K»*ftT*oT, 
i»bb 3 so * 4 © h 7 > 5;^ ? ©y- htitt, 

fitiSB^ 1 fe&mz&tittEtlT&Q* 

Aoaaie 3 co h ^ > >>x * <o v - x®^ tHH >nft^ 
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fift IB 2 co h^>yx*<OV-Xfg^£ HH 

WB*i©h7>yx^a)HK>fi«t, mess 
»«>LfcjB i owiwRaf*2<offliw*<««-t^nT**], 

BufB^4<7) h7>yXWX iS*20)h7>yX 
ffiBft 2 <B»roi;:*vvt\ ESS 3 0)h7> y^^atf 

mBSS4 co h7>^^^t7, WfiajB2©h^>>?x 
^T^Mid^y^^e^^^co&t:^ h&ft-rzm 

77?io 

HMiJgl 5] « 1 <D h?>zsX9£* 820h7>y 

mib^2, *3a»*4oh7>yx?©y-Mi 

WIB^ 1 CO h ^ y*J7s9<D V-X«*«1»B««I»»C« 

»BSlWh7>yXJOHH>iB«i, WB9fi 

1 7 AJBfflWK, Ty^^ertll^0§b'7 hf: 
*HSLfc» 1 O«|IB2ktfJB2©IBIB*<K»%nT450, 
ttBftKOJHmtefet^T, »B*3<Oh7>yX*R« 
iE»40h7>yXW>, *IB*2©h7>y7 

MB»2 0«!BBK*5tiT, *JIBm3COh^>>?X^R^ 
MBIS4a)h7>yX?tf*7 < MB*2(Oh7>y7 

W^TSMBx^^^t^ft^^ftlf^h^wrsW 
ffifw*o*^, IWEWKOJBM^WSWBJB**?^ 
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A" Hi. 

[,W*Jjii 16] 35 1 CD h 5 > ->* X * t . I2«h7/y 
X?£. !f5 3<0 h7>y'X^i:, ^4fflh7/yXi' 

cOIKffijAffiT&oT. 

HijSt!gS2, S3&^4C0h7>->*X*'©7 ! -Mi 

-7jte ml gemote. t>5-£teffliBSfl 1 coh7> 10 
vX^coy- hmffiic^^tiTiJO. 

tt. mtmtmwmz. t>o---j3tewmm i<nh?> 

Hfigiim i co h 7 >vX^cov-x«««iWfB«»8gi;:?g 

Hf/3d35 2c7)h7>->*X3'COV — XpSftJi HU"T>nI^ 

# & f #-r z m m m m tc -e- *x $ n t *j o . 

Rfi,idm5coH7>->*x^coy- ^mStt. BffaBm2^^ 20 

iJiif 5 CO h 7 >->*x*co v— X!ISi h'H >fg*£ 
tt. -73«m(fl3miliieic. -7y«ilfiiem l co h^> 

*t& l i nmm, m 2 rowra&tx^ 3 vmnwwtn 

Hfl^m 1 CO^fC^T. MIE&3a> h7>v'X*Rtf 
H?I3i5^4CO h7>y'X5'*it>. iUtBm 2 co h 5 > ->*X 
*&tfl!fr!ESl5CO h^>->*X^A^X(-^cO. itutBSil2 30 
rowwfc*sv»T, Bfisam3<o h-7>->*X^&0:ftfIIBm4 
CO h -7 > >* X ^75^ X . tffllBSg 2 CO h 7 > yX 
>. WIB^5C0h7>vX^*^X(cncC, 

m£m3<Dmm\z*s^T, MiB?ii3&i^fiiB?fS4<o 

>yX9»7T, fj^2COh^>>?X^*^>S.O: 
itfj IBffi 5 CO H 7 > ->* X ^ > !' & 0 . 

wiB^v^ b'T-'^-ft^co^ f -y h a<wr** 

/jH;„ 40 

[^B^copaa^isHj] 

[0 0 0 1] 

Tcfg/fcjiiT . Wx.(iOLED (Organic Light Emitting 
Diode) £. KS«t*A-«CO^ICl*AbfcOL ED 
/1 cueist* -5. gOLEDn^JH:a>hP- 
7$S^IC^i8Lt, OLED^ya-^CHt 
-So tefe^ifflSlCi^T. OLED/tWSt/OLE 
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[0 0 0 2] 

[ft*CO&ffi] OL EDttgi=,«)fr*fc«6«l8tt*<i« 
<. laSSSI (LCD) T*#g&A*y ?7-f 

Ci„ ^COfcfe, fi^OL ED^ffl^7t?g>t^it(i. CR 
T^LCDC^I,^SgtLTaSSnTlr>5. 

[0 0 0 3] OLEDfS, 
^ 5 ^ \y -fe > X (Electroluminescence) •=> tl -5 W 

sisttffiicM^i^co^Tt (m>t) tp.ajsasttm*^ 

cOfg^BCi. ±a!L7i7?7 , 6co-9^co. 

[0 0 0 4] &*5, *BHffl*Ttt, OLEDOgStl 
ffiCOP B 1 tCfStf <=, tlfc^TCOjf JtJI <h fcm-? -5. 
#««5tJilc»±*#»lC, iE?LttAJf, m^tt 

o l e d «, mm/nftm/femtfrnizfem $ nfc-wia 
fS3ta/BE«-t». mm/ttm.AM/%L%m/n.TWyk 

[0 0 0 5] 

3. OLEDCO«j*CO<gTT&o/fc. 
[0 0 0 6] #«583He«»tt*». ttHt. 7"6. fftlC& 
<. Ctl^COfcCOfCfcoT^b^flgit^tl^. S^WtC 

[0 0 0 7] #««3te*K7&yft»**EEa<--£l?»-3T 

-^C0«ffi*^^r««7l£W^EPSQ-rsmBE^OLEDffi 
Kimffi (V e 1 ) tSltS. 
[0 0 0 8] £7c> R (#) . G (m) . B (#) fC*f 
L fcHlICOO L E D tifeTJ 7-{b^7K7jiCtC*5 

^t. mm%x.mzM}&-tz>Gm3£mm\t. oled 

C0^JS-r-5felZJ:oTS^:-5„ *<Dtztb. OLEDCf 
<t^*-S„ 'CO*^-, &ffgtffi1&-D\Z-Otl, OLEDCOW 

[0009] w«fsjtii<7)jaaEtt. nas^oL 
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2 7C, *«*)tSI<^a***ft:S-B:fc<tS(7), OLE 

««>£)lla)fi*^»<<c-5i:, OLEDBBtilttt** 
*LTOL EDKft««ft<tOLED<7)WI*ttJt 

MIW«lc**fctf>, OLE DB»«SK*^#t+n«>:S 
OLED(D*»M<^ 0 dco^lc, W« 

?g)tli<7)ffiJ$lCJ;^TOL ED<0W§»**{fc-r*&», 

[0 0 10] -HRWK:. «T«383t«»©WBH 

«fcr>T»«*fl:K:*3tt*OL EDKft*8ltO*fk©aE& 
^*W«cSfcA, — X>TxtC*3tiTftfi0)OL ED (7) 

[0012] 

[HM*»ft"rSfcfi60)#a] OLE Dig 

a*. ^fttz^^oL ED^waetofiT^/h^i^ti-* 

HLfc. K*3^T. OL EDfcSftn^Htft 

SOL EDiBftmflft ( I e 1 ) ^Pf-S< 0 f IT, OLE 

-3TMit^uiT, OL ED^ftCiSOL EDO 
Wf&<D&fc&to<£LW^&Z<D^\*U\,*fr£%A.fc. 30 
[0 0 13] h 5 

[00 14] KU-f >««E I d«««n* h7>yX 

«***ft*fctt*«k«)0ll« J FtlHJC*LTOL EDI: 
iffin^cfc^iC-r^o MFK>i« I dtt, h7>y 40 

[0 0 15] ±l6«^JZi:oT, OL EDtzSKnSOL 

EDSK«im«^^«, ^«f«ta^fflfc<k^rft^«B» 
n-rtc, oLEDK»««*flfao«^iMifr*ci:*t 

[0 0 16] *5BWTtt, J:aB*J*K:J:9, *r«S6Jtell 
#*ffc LTfcOLED <OW*<OiaT*» A 6 d <h 

*<oil6*»W/cCiil«***"rsct*<T#-&. * 50 
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#shgd«£, ol ED<D#m¥£9em&. »rf;-rsfic: 

[0 0 17] $fc, #«58#»<B»J£rt*^fi^OLE 

D/t*;ue#^a"r*J»*Jc*:*$iaTt), ol edsk 

LEDK»t»tOLED(0»Kttlt«t5«)T t OL 
[0 0 18] 

ED CO 

[0 0 19] *fc-«Wfe«3tt««tt, &H*K«»tS: 

««"r*E«e#3ft«atftft#-rafc«), caputs K«t 

£<h, &®^COOL EDfZ^n-^tl^A^^JE^/hS < 

*P«*»T. OLED«*&ttIET*£4:**T#3<0 
[0 0 2 0] &45, *aS««)«3t»«^45l^T, BUSK 

[0021] tt*5*a*©***«a)H*^»»^nfc 

[0 0 2 2] 
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[f£wcn>'Mm<nMm eMt&<DBm 1)01 \z&mn<r> 

OL ED/1*;l/05«J5K*, 7*D »y ^HT*t. 10 0IJ 
Sfttlr^. Sfcl0 2lifi#8B»i@K, 10 3tttB 

i ^*«gffi»[giK, i o 4 ttfg 2 ££mmm\Bfl&T~$> 

[0 0 2 3] &*5H 1 7?ttfa^lRKKl0» 102t, ft 
1 ££$§iSK»[§18g 1 0 3 t, S2f«8Ili@Bl0 4 
0 0tHi;i1S±l:»fi!c3ftW-5^ * 
58WJ4CO«flEKIB3e*n»:^. ffl nmmnm» 1 0 2 10 
£35 1 ^mmW)^ 1 0 3t, ^2^S«SK!dtpI8§l 
0 4^H*fiBl 0 0 i*a-5*« l:fC«fiKSn, FPC 

fc, m i Tii« ^igftEogs io2, sb i ^it»m»m 

^10 3 Rtf * 2 j£&t$LmW)mi& 104IJ1 O^igtf 
tftKlblnlBS 1 0 2 1 ^lEttBlblBlK 103^^2^ 

[0 0 2 4] &*5*W«|»IC*5lriT««ttt, 20 
tttt€r*ift-r*. 

[0 0 2 5] 1 Ttt, IffO^iSB 1 0 0 \zm 1 

-Sx, HSVl-Vx, |lM8Gal-Ga 
y> lg2^^G b 1 ~~G b yMW^nt^S. 
M ilM^t^^f L In] DT* £ (IRB ^ <t 

[0 0 2 6] *JBJ»V 1 -V xM^^tfilCftfcni 30 
c^a. &*5HlT»4 : ty^aa)jiMlkt**-ra5B3ttttlt 

xO«ffi©JBSS4TRIi;^fffca<T'bA<, *fJST 

[0 0 2 7] 02 El 1 TTSLfcH* 1 0 1 tf)f*L^ 
«BE**-r, 0 2l:*tiii o itt, ff^^s i (S 
, $1^8Gaj (Gal- 
G a y<T)o%<D 1 o) , ^2SSiG b j (Gbl-G 
byO^^Ol^) RtffiSISV i (Vl-Vx©^ 40 
CO 1 o) StLTM. 

[0 0 2 8] ifti*10 1ll h7>vX^Trl 

S20h7>yX^) , h7/yX^Tr 3 

h7>yXnr4 (^2X<7f>^fflh7>yX^ 
*fctt!B4<& h^>> ? X^) , OLED10 6W«Sf 
nm 1 0 5 Stbtt^o 
[0 0 2 9] h7/> ! X^Tr 3ih7>yX^Tr4 50 
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^V-M«H ftCSlitllGa jCl^tlT^ 
[0 0 3 0] h7>yX^T r 3<&y — XfiS^£ HU-f 

xnr 4(DV-X(fi«fc KU*f >®*gcte, -*»4«^ 
fSSii:, fc^Jtth7>y f X^T r 1 ©HH >M 

[0031] h^>^x^T r i ^y— x««tt»aa« 

r 2 OV-Xg^[:8i^tlTt^ 0 h7>yX^Tr 
2c7)y- h€^f4^2^S^G b j i;»KSnt^*. 
h7>yX^Tr 2©HI/>f >S«H OLED106 

[0032] OLED10 6 bT*3 
0, *W«l»Ttt, K«£H*«4i (&1<D*K) L 

[0 0 3 3] »lftl««<0«fi»4, -:£<0«SK:«&*lT 

[0 0 3 4] h7>yX^Tr3ih7>yX^ 
Tr4Jl nft*JHh7>yX*ipft*;Hh 
7/yX^W^^btt)&^ 0 fcAcU h7>yX^T 
r 3 <h h^>^X^T r 4 <73Mttter«] C Xr ft <5 0 

[0 0 3 5] £fc, h7>yX^Tr l^Tr 2H n 
ft^Wb7>yX^«hpftWih7>yX^ 
«^Tt>AK fc£U h7>yX^T r 1 <hT r 2 

<ottttttHi;T»s, fix, mm^mmmmtLxm 

r 1 tT r 2Bpft^Sh7>yXm§ 8 2* 
ffl^S«&, h7>vX^Tr ltTr 2linffM 

ih7>yxms. 

[0 0 3 6] §M1 10 5tth7>yX*Tr l©y 
110 5^h7>yX^Tr 1 <DY— UltV-XH 

[0037] (mm<Dmm2) acic, gmi^Lfca* 
»»-ett, H2fr*Lfc*3t««(^ftii*^iiifp*, # 

[0 0 3 8] *#&*JBIHT aXil S§ 1 ^S^G a j 

n*. iiss»Ga j an 

r3 2l«Tr4^t>l:&*. &*5»* ii^JWIBT a X? 
tt, S2SS«Gbjttl«SnT*^1', Tr2iW 

[0 0 3 9] fix, ft *f«IKIfaliI% l 0 2CAA*n 
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st'x^is^wwatcjs-^*, (shifts i ~s x tmm 

[0 0 4 0] El 3 (A) Id, »*ii*fflBBTafC*3^ 

1 0 1 <^«BSlKl^7Kf 0 1 0 7ttfM^«SK!fc0Kl 0 2 
#fr-r 5£t«iRS:liftt-5. 10 8tt39|fi]ti 

[0 0 4 1 ] *^ii^.fflWT atC*UT» h^>vX* 
T r 3WT r 4t±^><7)«l(:*5(?)t, lH^8S i 10 
tc — ffi<0««E I ctfWLtl&t* I cteb^> 

So dCDch^Hifi I c tt, h^>^X^T r 1 ^figfPgg 
[0 0 4 2] ta?d«[«tz43l^T, Vcstty-htStV 

tL V TH £Htt, ti&&W)&, h7>yX^Tr 10H 20 
U-f>««££ I d tt-5t, «TOS 1 M0.i"3o 
[0 0 4 3] 

[iU] Id=«C,W/L (V,;s - Vth) 2 /2 

[0 0 4 4] xtlC^^T/i, Co. W/L, V T „te3t 

b-7>v T X3?T r 1<^HH >«8ftl dtt, J£««E 
S 1 0 7 (CctoT I d = I c tZffifctlTt^o ioTS 

V cs tef3*|««t I c^HIIiot^SS. 
[0 0 4 5] »*i&*«!IBTa*<»7-rai:, **)BIH 30 
TdsMMftStl*. S«1TdtMl^iGa j 

tta*?snT*5^-r, *2S*«Gbj*i*sn4. 

[0 0 4 6] 83 (B) **M!mTdfC*5Ct«>H* 
OWSHSSt. h7>yX^Tr 3&^>7>yX^ 
Tr4W7C4^Tt^ 0 £fc. h7>yX^Tr2 

[0 0 4 7] *.K#IP« E lTdTte, h7>y'X^Tr 1 

k>««i dcD*»a«««Ei c trai;«Kii«rsn 40 

fc^iti^o h7>yX^Tr 2 tS^>^7^o 

Tl^OT, KH >««EI d«h7>yX^Tr 2* 
iMTOLED 1 0 6 \zffitlZ> 0 cfcoT, **«HPflTd 
Ttt, Rfg*f««£I ctHi;*SS©OLEDW!it8l 
3&*0 L E D 1 0 6 fr-D&O L E DK»*«t£>;*: 

#Sl:l&^fcW«T, OLED10 6«tS. 
[0 0 4 8] ^T<OH»»C43^T»*a*»!nBTata 

*»BmTd<fca*Hj?rr*. *LT*a>ttj5i-t£*< = > 
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«*&ttRi;!B2*aE«**r-r<5*T<oHi*t, hi; 9 

[0 0 4 9] -tLTT^ni/tOtf^fg^^ffl^^fcKft 

I^^TI c ft, gl ccoic^-^ica 

^fcWltTOLEDl 0 6^Mt^^tT, fe b U^ 

&*SB[HT a £ 1 0<B«SfflMTdaitU«-r S£4:T, 

»*ii*«BWT a**H!*&SftTrt*£, £T0>iH*K:*5H 
T**«MTd3^»7t"*STO«!l«*7U--A«lHlt 

[0 0 5 0] EI4IC, T^n^KlbffifcJsW-*^ * > 

fip/f^^m^m^ 1 c ( 1 c 1 - 1 c x) d«n^o bi 

4tftt7^>»IBLj (j=l~y) JC*3^T&^*R 
l:«ttl^)<l^t«Of*, I c 1 (Lj) - lex (L 
j ] .hSLT^So 

[0 0 5 1 ] »#j&*MMTat*«JHIinTd<7>BM6S 
ns^^f^y^l &^ ><7)liJ|ir<hfCt*ftT&0, 

[0052] — ^s^i^e^a ^m^KMNm 

T 1 X U-A*M«Hc»#fc*«nnT a t**»IHT d 

M«IHt, n«0«««HIBt*«l 7y- AfflmAfcitt 
tt^n^o nfl<0»€rii*«!m (Tal-Tan) <h, 
nfiO«*»!m (Tdl-Tdn) tt, If *l£>* 

[0 0 5 3] H5fC 1 ASBWJwtSl^T, nfliitf)* 

-^JA^ffiP^ (Tal-Tan) £ n <HCD*^SBP B 1 (T d 
1-Tdn) ^ffiSt £^-T 5 >^**-T. StMtefcJft'J 

sstt^o, «tiiittia**<*r'r**i**i«<offiB* 

[0 0 5 4] f^ii^Tam (mtt 1 - n <D&M<D 

«^Tdm^If5 0 »*ii*.»BWTa£**»3WT 
d i 4&^T^ y*7 S F tH?^ 0 mt'-yh 

[0 0 5 5] SEth^PpIT d 1 -Td n^fi^ll Td 
1 : Td 2 : - : Td n = 2" : 2' 2"' 
To 

[0 0 5 6] &*5, *^±TCOi®R[6)±Ofci6, 3t*JW 



( 9 ) 

15 

IK M»W3tt^>*JWf.t:A"tCOl>Ttt, &m 2 0 0 2-0 
2 3 6 9 6 fj, 4$B2 0 0 1 - 2 5 7 1 6 3^*5t>T 
fffl,r<2nT^£C0T, #BI"r-5 - <h#nItrx?*S. 

[0 0 5 7 ] B5K:*L£«ftffiTtt, 1 V U-AJWIH 
* ic *5 # £ 585fc"T 5 3c*KBK co S O ftj £ f^Wf £ Z t 

[0 0 5 8] *5EWTtt. LK*J*KcfcO, «T«583t)i 
iflftfc LTtOLE D (D»^COf& rSJpASCi 

fc. ftfeSJC*fJESLfcOL EDSfflt^fc*7- ^*CD^ 10 

Sj**T*ffcLT*>, & O ff J* CO / > x rt* 

[0 0 5 9] Sfc, #««3t)ia5ja*3a<^ja-*>OLE 
D/^JI/@t^t^^l:fJ.^nTt>, OLE DK 

L EDK»j*SK<i:OL E D <7)«f£ teifc^JT Z> OT, OL 

[0 0 6 0] $bi:, -HRttr:, *-«3fi*»»a>««^ 

O^Sft: EDO 

n^>x&ffitiz><D&ffi<z£.rf~T:%. mm<D&&m^ 30 

ld«*^«»3ft<«>6*n-6**a)iii*t*i^T, Rtia$t 
uztztb. &mm\zQy&$nzmm*'\^ < &* 0 40 

T\ **^SBII»36**{tLTfelijEt«fcO»fa<OI»ll* 
[0 0 6 2] (^ffiOJ£Jl3) B2 
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Tach, ^If 0 1Td^, #**«HIHTe4:^»JtT» 

2><DT\ ZZX-mm^mr^T e lC^t£iB*<OlMtMC 

[0 0 6 3] #*S«MTett, *«M!MT d3WHTL 
«*JHMTd3&«a3H"r*«Hc:ltJ«-r*. 

[0 0 6 4] B6C, #**»!WITef345t't«H*(0« 
ISH**"r. h7/yX^Tr3Wh7>yX^Tr 

^Kft^T^&o ckoT, OLED106COL E D(K 
»««t«Sftn-r, OL ED 1 0 6 tt5S3fcLfcl>. 
[0 0 6 5] ^iSfflMTett, WL^*T^*W 

Oiij*cD#^jA^SI^^7-r^Mic, 1 ^-f > BOM 
[0 0 6 6] **Jfi<Z)«lia)Ki(i*ffi»4, iCfy^Jl/ 

co \l "r^mn \z^z> mwi ic* ^tjb t ^ . 

mm Tte, 8-H*l343^T 1 7U-A)BBit 1 l:**i4 
*J(8IUIT a t*«MMTd3&««0jBLaa-r*CliT, 
1 OOiii<k***-rsc t*<nJfiBT*S. n tfry Hot: 
r*Sfl:±^TI«***t«Ift, '>&<£*>n1B 
(^it^i^i:, nflOSS«||Bt*«17i/-^«M 
\H\Zt9Ltt%tLZ>« n(|(7)f^iA^i^ (Tal-Ta 
n) nm<D^mm (Tdl-Tdn) \t, bf-x* 

[ 0 0 6 7 ] H 7 l: 1 7 U - A»IHl:*^T, nffiO^ 
#&**MW (Tal-Tan) <fc n (Td 
1-Tdn) t, 1 mmm^Mffl (T e 1 ~T e I ) 

fea^tc *nm<Dmm-e\z 1 =n - 3o*^C3^t^ 
^^9t^ifc, ifc, &t*>> heroic, i7<>go 

*<7D#Sii*»!W**#l7-r**T©«aWS:, ZTal- 
ST a nTSto 

[0 0 6 8] »#ii*«imT a 1 iC^^T> 1 >g 
0h7>yX^Tr 10KU<>tTOiai^n§o 

UT^icaessBWT d i fimt&zn&t, i 7^>@o 
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ft*), h v >y^JT r 2tf-*>\ZfcZ>Z. <hT\ Hl/i" 
>WOL E D 1 0 6 i;oT, OL ED 1 

[0 0 6 9] *LT*K:. ^/T«Tel«te^ 

CKT r 4 ^7(?)J$t t h7>yX^Tr 2 &^7<D 
WWzfji&o i-^T, OLED1 0 6CHH'>fS^ 
«E*lft<ftO, OLEDl 0 6^t7WIl:7il) o 

[0 0 7 0] fit, *{C»*ii*«HWT a 2**HS6S 
n, ±JBLfc»f^*«#*«»!mTe (n-3) JWK7-T 

[0 0 7 1 ] Mi»lTe (n-3) ^»7f*t, 
^^-ii^WraTa (n-2) *«BBteSn, l^-f>g£> 
H**^«IC- (n-2) b'7h@^ry^^brtil 
^tCctO h7>yxnr 1 (OHK>«St*^J»Sn 
-So f LT^lC^IP.lTd (n-2) a*BB*&£ft£ 
ch, 1 5< >H<DMMfrt>ti&\Z, h7>yX^Tr3S 
tfT r h7>yXnr 2#:*>K:ft 

S^lt-e, H U-f >l«^OL E D 1 0 6 {ZffitlZ> 0 £ 
oT, OLED 1 0 6^f83t*fctt#f63t<Ott!B^ft 

So 

[ 0 0 7 2] f LT*l:, #£&^#iFHTa (n-1) 

[0 0 7 3] 1 ^ >B^)S?gfZ*3liTT d n^7l 
fcffc, 1 7U-A»BW*tJK7t. HrXl >B(DjB* 
tC*5^T\ *W7U-AMM«)«#a*«lirHTa l*«Ri 

[0 0 7 4] ^T<OBi*^*5l^T**M!mTd njW»7 

[0 0 7 5] ft*3, S^Siffl<Z)fi££Td i : Td 2 : 
T ci 3 : - : Td ( n - 1 ) : Tdn = 2° : 2 ' : 
2 2 : ••• : 2 ( " 2) : 2 (nl> d:t^ 0 £®***B|UJ<0« 

[0 0 7 6] 

[0 0 7 7] (HffiM 1 ) *^te^JT«, *3E9JG>5Bft 
[0 0 7 8] **SW©5{«Sim5 O L E D/^ 

;W4. anr^L^OLED/t^^ii^SftO, ^2^ 

SIIB0BS#LT^6^. ft*3**J»«Ttt- El 
[0 0 7 9] *^SS^J<OOL ED/UJHt ^g^cCOM^ 

[0 0 8 0] ff^^|g»3[p]g§<h, £tt*KBIb@tttt. Pj 
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[0 0 8 1 ] fit, H*«lCtt, «*H*S 1-Sx, 

So ft43fg^«cfc««lia)*tt^TUfcHi;T*Sitt 
10 [0082] ffisv i-vxM^Sftc«tnT 

l^o ftSHV 1 —Vx<0*fi[<OiS(Stt^THUTft< 

[0 0 8 3] 0 8 1:, ***fi«©S*©l*L^*|J5)c** 
To HI 8 (C>K-riJ^2 0 1 \t. MSS i (Sl-Sx 
<Dr>^><T> 1 O) , iS^G j (G 1 ~G y CD "9 CD 1 
t?) S^tSiV i (V 1 ^VxCD?*>CD 1 -p) L 

[0 0 8 4] £fciB3i2 0 1 tt, h7>yX^Tr 1 

20 £0 , h7>yX^Tr2 OBftffl h ^ > vX**fctt 
|2iDh7>yX?) , h7>yX^Tr 3 (^lX-f 

h7>yX^Tr4 (S2X-f >^fflh7>yX* 
SftUS40h7>yX^) , OLED2 0 6MM 
0 5 ^LTl^o 
[0 0 8 5] F7/yX^Tr3ih7>yX^Tr4 

[0 0 8 6] h5>yX^Tr3<0V-7«*iKH 
-JUgWSIl:, *tth , 7>> f X 
30 *T r 1 HSl:»«ShT^S. *fch^>v 

X*T r 4(OV-X(Wi KK 

SSiC, fc7-JBh7>y7^T r 1 CD F U"f ><S 
[0 0 8 7] h?>yX j'T r 1 ©V-XiB«litiB« 
r 2(DV-X^t:M$tm^ 0 h7>yX^Tr 

2 coy- hii(i*«8G j cgi^nti^o 

yX?Tr2^FK>S®(i OLED2 0 6W 
40 [0 0 8 8] OL ED 2 0 6 tt»«£|ft«*#LT^ 

So 

[0 0 8 9] »|Bl««<7)«&tt, — ^<7)iftSlC«fcnT 

[0 0 9 0] h7>yX^Tr 3iTr4H n 

•^V^m h 7>yX^i:pft*JH h 5 >zsX9<D 
£*>£>T't>&^„ fcfc'U h7>yX^Tr3ih7> 
yX^T r 4 0)«ttttHi;T*-6. 

[0 0 9 1] if:, hyyyX^Tr l^Tr 2H h 
7>yX*T r 3 tT r 4 iiB<D«tt6WLT^*. L 
50 fcdht, h7>yX^Tr3WTr4W/i?)i: 



£ Tr4W7Wi^, Tr 2Bt>T*5o 

d [0 0 9 2] fit, »*S«**S<!:LTfflK tt« 

:i L TIB I*, »«£H*««£ LTJfH>*« 

| ft, h7>yX^Tr lchTr 2linft^^Sb7> 

/ yX^T^^c 

[0 0 9 3] 2 0 5(lh7/y7^Tr 1 CO^ 

7 62 0 5«h7/yX^T r 1 <Df— ht«tV-X« 

[0 0 9 4] H8fC*LfciS*J4. ^Jffi<0»l8 2 TiSb 

\Z "J ^ T it * t£ CO fl£ IB 2 £ # RH f £ £ t # £ <£>T\ 
[0 0 9 5] (*Jfc«2) ***«Ttt, *38W<7>«)fc 

[0 0 9 6] **«W(0a«8i*ttt§OL ED/^* 

an:*LfcoLEDM^(!:Hi;<. m%t<vm 
[0097] ffi^*KttB>ltt£. m 1 i££«iKlb[Ei% 

[0 0 9 8] fit, H*aiCtt, f3*f«Sl-Sx, 
«iB«V 1-Vx, Si ^^G a ^2S 
tlGbl-Gby^t^tiTl^, &*3«*M*«i:« 

i **«t»2*a«<ojfcfc*-rLt>rai;T**i:ttiB 

[0 0 9 9] t|»vi-vxli»i^ttti:«ftnT 

[0 10 0] H9tC. **Sfi0HOH*O»Ll^«||5£S* 

-To la 9 i:sta$ 2 i ni, si tsi-sx 

<7)^(Dlo) m SU-MGa j (Gal-GayCO 
7^(D10) , ^2i£iGb j (Gb 1-Gby^)7 
^1^) R^mag^V i (Vl-Vx(0^)^(?)l-3) 



II ) fcfffi 2002-3513 5 7 

20 

[0101] £jfcH*2 1 1H h7>yX^T r 1 
(««ft#IWffl h^>:xX*£fcteS5 1 <D h =7 sis 7, 
9) . h7>yX^Tr2 (Iftl8h7>yX*$fctt 
S20h7>yX^) . h7/yX^Tr3 (W, 1 X-f 
7 f >^ffl h 7 >y X^ ifclil 3 O h 7 >yX^) > 
h7>yXJTr4 ($2X^yf >^ffl h7/y*X^ 

Sffl h 7 >y X ^ S fcliS 5 © h 7 >y X ^) , OLE 
10 D2 1 6R^ffiMi2 1 5Sflt^. 

[0102] F7/yXnr3ih7>yX^Tr4 
©y-Hill *i:*i««iGa ji:»«Sftt^ 

[0 103] h7>yX^Tr3^7-X««tHK 
S i *>?-:&B;h5>^X 
*T r 1 MSCSttSntUSo Sfch5>y 

• SiL fc? — yjteb^^X^T r 1 <D K K >flB 

20 [0 10 4] h7>yX^Tr l(Oy-XS««iffJ 
V i K««£nT*5 9, Kly-T >nl^^h^>> ? X^T 
r 2 07-X(8*l:««**lT^5. Fv/yX^Tr 
2 coy- h«S»% 1 MiG a j 3*IT<^S. 
h7>yX^Tr2^)HK>«l«H OLED2 16 

^-t^mmm^z^m^nx^^^ 0 

[0 10 5] h7>yX^Tr 50y-hti^2i 
S8Gbi«i$nil^o h7>yX?Tr 

t)7-S(ih7>yX^Tr I^y-MICM 
30 ^ITO^o 

[0106] OLED216 l4»«<hft«£WLT^ 

[0 10 7] ^f^fi^fft^ -«<0*S^«fctlT 

[0 10 8] ft 45, h7>yX^T r3tTr4li n 
ft^Sh7>yX^tpftWih7>yX?W 
&ft:U h7>yX^Tr 3th7> 
yXJT r 4©«ttttHi;T?**. 
[0 10 9] h7>yX^Tr liTr2H h 

40 7>yX^T r 3 i:T r 4 ^i£Oll4HtTl^ 0 L 
fc**oT, h7>yX^T r 3&tfT r 4^*>Ot 

Tr2tt^7t»0, h7>yX?T r 3 Rtf 
Tr4#*70t«, Tr2IW>Tft*. 
[0 110] fit, »«*H**«iLTffl^ |&« 

r2lipftWSh7>yXm*. 

ft, h7/yX^Tr liTr 2 IJnftWS 
yX^T*^ 

50 [0 111] SM12 1 5tth7>yX^Tr 1 <7)y 
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12 1 5lih7>y7>T r 1 HItV-X(B 

[0112] gj 9 fC^LfcH*«, 3 

ft- *a*MBK»c*»*ii*(0»fPtt, H6i:SLtfc 

i3t^Th7>yX^Tr S^tyC^^Cit, Trl 

IT, h 7>yX^T r 2 tt*>(C/j:r?T*5 0 , LA>L 
T r 1 Bt7/j:(DT, OL ED 2 I 6 HOL EDSgifrm 
«£tSSfttl-r, OLED2 16IW7l;tcS. cfcoT, 

>y^o^T«^ffiC0^ffi3 £#HB"f S CttftfSO 

[0113] (^te^j3) -Mm<Dmm2 
\zt>\,^x>i<Ltimmjjmz£>rt2>. -v?*? a auras 
Fi-sFn owa-rsKBtf^^t^Tift^i-rs. 

[0 114] B10I:, l — AJMPflKis^T, nffl 
W»*ji*«BM (Tal-Tan) tni©S*«IIB 
(Tdl-Tdn) ^UiitS^^ ^ >^*t. « 

[0115] **JS«OKft*ttt?J4, 1 7U-A»3Pfl 

*t i set^^ra*^*-*:/? u-awpbI <** 

SHTUSFn) 1 — AJWPilJ<0»*!JJfctX*»K: 
[0 116] i:S2*J*t::«fcoT, ^PflBW^^SfTo 

co a tc §g is $ n -r b < -r £ c t a* -es s . 

[0 1 17] &*5**J||«<D*]Sjcttn^3<D*-&*C*5V^ 

[0 118] (*Jfi«4) ***«"C»4, *«W3ta 

[0 1 191 HI lie. 17 U-AKBISIlC^T, n + 
lfiC0#^iA^^rp1 (Tal-Ta (n+l) ) t n + 
lflO**»!PiB (Tdl-Td (n+l) ) ttfttiSf 

[0 12 0] ***«Tttn My h<Ofy^JPtrt<i 
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^fcftj&LT, l 7 U— AHUWrtKn + l <nW7 V- 
A$JP*1S Fl-SF (n+l) **Silt^*l-5, f LTf 
^7l/-AfflWSFl-SF (n+l) II, n + 1 «CD 
• Si&^fflH (Tal-Ta (n+l) ) n + lfi 
(D&fcmWl (Tdl-Td (n+l) ) iStLT^ 
-5. 

[0121] tf^^RUT am (mtt 1 ~~ n + 1 coffi 
USFmtft^. »#ii*»MT am<0*JC»4, HUhf 

[0 12 2] ^7 W — AJS3PnlS Fl-SFn-lIt 
1- (n-1) t**y NOx^*;Ptf^«#0Dfthr-y h 
CMlTt^o f y7U- Afflffl S F n&tfS F (n 
+ 1 ) ten t:*y h H^v^tT^M^KWfcLT^ 

[0 12 3] £7t#*J60y-rte. [HlUh^y hco-T-'y^;^ 

U-AflJPflS F niSF 

(n+n t$mt*tLT&mi<u^o s^ftA^i, rnii; 

MSFntSF (n+l) COF^tC, i^^U-Affl 

Pdja*st+*>nTi>£ 0 

[0 12 4] 1 7 U-AMIB + l:tSii*)(IIIIIT a t* 
*fflfflTd£*mVMlsMm-?Z>Z.£T\ l^i«6 

[0 12 5] **#!R3Td l-Td (n + 1 ) co§£ 
tt, Td 1 : Td 2 : - : (Tdn+Td (n + 1 ) ) 
= 2° : 2' : : 2 " " 1 ^«fc^ Q 

[0126] *a w<zMB»;£ffiT«, i 7 u- awpbT* 
30 ^*3tt*ss>t-rs**»!w«)fi*a)*p*fBijiii"rs zt 

[0 12 7] **Hfi«tt±IB*J5)cHJ:r)T, 

ft*, BSfttfBl Oi:«lftIt*ttl:tt^T, AP*1 

[0 12 8] ft***Jfi«lTtt. IWIUtfy hfc»*-r* 
i)'7'7l/--AW20»5S6l:^WSWLfc^ 

40 \iy h\Z#l&T&V77\/-&mm&3^&±.WLrtZft 

[0 12 9] Sfc, **Jfi«'Ttt»±ffilfry h©ry^ 

50 [0 13 0] ^***Jfi«<0«J5fittnS2O«ftJc:*3ti 



& =b it t jss*r & c £ & nj &g t? * s o 

[0 13 1] (*«M5) *^IWTH *S6<D»IS3 

\Z O ^Tffi w l o , -r y * ;i/ tf^^m 

kiss* $ nu te*5*nmm<Dmf&te7 £ v z )i 

[0 13 2] B12I:, **Jfi«<DBib^fe{C*5^iT, 

S1'-5t'7 hCTtfc, l ^<>B^H*<0»#&*«ira 

UTtSitOMia (STal-ZTa6) ££EPT/F 
"To 

[0 l 3 3] jB*(7)4¥Lt^«ifP^OV^Ttt, ^lifc 

[0 I 3 4] teU^lc l ^ Y >B<TCB*K:i5^T* 
ii*«BWT a 4#WI«63*l*. »#ii*WBnT a 4 tfn 
te^n^i, 4 fcT-v hB^v^e^W^a* l ^< 

[0 l 3 5] f IT, l ^<>B<0H*fC;fc^T»£i& 

C^^tt), ■i:t*ii*«l«T a 4**M»*ft«. * 
IT 1 >B<&B*<Di»£iH«l::, ft^-fXOH* 
lC4 tf*y h^fy^^trtimij^n^ 

[0136]-*, 2 9<>B«R<0H*fc:*l>T»e 
ii*WIHTa4*«WU6Sn*<DtHRr3fcfTbT, 15^ 

SBPflTd 4^MJ6$nSct, 4 try hg^fy^iltr 

[0137] ^IT, 1 7<>B<Da*^*0iTaS« 

TfeJHK«*a*JHIHTa 4*«»TL, «*»BTd4 

[0 13 8] 2?4 >B&M<D?4 XDMMlZiS 

UTS*fflWTd 4**IJM&bfc8L 1 >B<BiB*fc: 
*5^T«*IBfllJTd 4^71, #*«MIHT e4«H 

TS*ifflTd 4 3&*BB*&$n*OiH«f3feff LT, 1 5 
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fflP*lTe 4 3&«W*6*tlTt>AC>. 

[0 1 3 9] #**JWMTe 4rt*BM&att<5i, l7-( 
> B <Z)H**^**f-rt)& < fc*. 

[0 14 0] #11;:, l7^>S(DIi(:^UTl^I 

WTe 4**nBS6snfc«, 2 =74 >&\m.v>nmz#>^ 
Thmizm^mmr d 4«ri, #*^wpat e 4*< 

[oi4i]-*, 2 =74 >8va&cd=7 4 >e>mm\z& 

1 5<>B^H*fC*5UT»#ii*»!WT a 5** 

[0 14 2] 1 5<>B<0iSa*(C*lriT»*ii*WWT 
a 5^Hfi*6£tt£ch, 5 t*<y h &<D*ris9)V t'x^iii^ 

<OH*fc:^T»#&^fflMT a S^UTt^ 2 ^ 
^>B«l*<&H*fc;fci>Tt>, WK^&^JWPflT a 5 

20 [0 14 3] 1 "74 >B<DjS*fc*3t^T#*ii* 

HBPiBT a 5***17 2 >B&Jft<D94 ><DM 

frbT\ 1 >B<BH*K*3^T**fflMTd 5*<Wi 
^$n^>o **«BWTd 5fC*3^Tfc, *a%JHWTd5 
iH«fc, 5 tf«y hBC0T f ^^;Hf^m^lc:<fcoTH 

[0 144] f IT, 1 "7 4 >B<Dmm\Z&^X3kB8l 
IBTd 5 3W«SfiSnfc», 2 7-<>SW(DH$}:^^ 
Tt>. «K»#ii*»miTa 5^71, «*«IBTd 

[0145] &\z. ±xcd?4 ><Dmm\z&^xm*m 

fflTd 5**BM6Sn>t». 1 ^-f >B<0H*JC*5^T* 

[0 14 6] 1 >B<OH*»C*t»T»*a*MIIBT 
a275«$tl5t, 2 h^y KBOfy^JHif^ 

*u 74 >8<DmmizAfj£tiz>> 
[oi47] fit, i 74 >B<Dmm\z&^xmz& 

*WBBTa2*«*7f*t, 2 >BK»<DB* 
40 l:^UTt>, «K»*a*JHMTa2a«BI*6Sn«. * 
LT 1 =74 >B<oa*<o«^tH«fc, &^-T>cojli^ 
1:2 tf^y hl©fyj';Hfr*8WA**ft6. 

[0 14 8]-*, 2 ^-f >BJKPI<0«*K:*^T»* 
a*JHIHTa 2**MJ»*ft-605tn«fJtfrLT, 1 ^< 
>BcDH^tr^5^T*^:S8P^Td 2^B8S6Sn^o 
SSP^Td 2**BBSfi*tl*d:, 2 t^y hBOry^^b'f 

[0 14 9] fit, 1 74 >B<OH*fC*CiT**«i 
P«1Td 2 3&«W*&*n&*, 2 7<>BeU»«>H*lc:*5(r> 
50 TfeWw»*ji*MlflT a 2JWK7U *S»MTd2 
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[o i so] 2 n >Hm$<Dn ><nmmz& 

[0151] #**«Bf«T e 2^BBJ6^n-5t, 1 
> M CO m m & &nk$:fft>U<tji2> 9 
[0 1 5 2] 1 7<>B(0iS*^*5C^T#**»B 

TfeJWK^WIFJJTd 2^71, M*»1Te 2** 

[0 15 3] 2 7< >B£t»^>v1 p >WH*tC* 

^T#*>K»lPflTe 2^T^te^n^co^R&#MfT, L 
< tt-feT<Oiii*H*5^T***»!raT e 2 ^WJ&Snfc 
1 ^< >B©B*(C*5V^T»*i&*»iBnT a 3 

[0 1 5 4] hidiLfcibfPtt 1 ~~6<D±X<0\±y h<D^ 
>* * ^ e-r^M ^**B* K A h 2 n-5 Rtf £ T** 0 51 Lff 20 

ftv-f >(Oiii*rifC, #£&^#IPflT a t, * 
^JWfWTdi, #*S«IBITe O M L tti«-T*. 

[0 15 5] 1 9>f >g<7)H*{3*50iT'feT<7)S*»!m 
Td l -Td 6^»7Lft», l 7-<>e^ffl$l:*^ 

ffl<D»#a*«!|B| (**K«TttTa4) WBH6Sn 
S. *fc 1 >BOB*U:*5^T 1 ^U-AJWWJjWI* 
TLft», 2 5-f >B«»©B*K:*5^Tt> 1 7KA 

JHRfl*«**ru »ac*©7u-A«wio»*ii*»MT 

a4»^n§o 30 
[0 1 5 6] ^LT±i^bfci(j^^S^OiM$n^o 

a>^t g-^-f ><0B**KRfB?gSWL-O>*. 
[o l 5 7] ±X<ny^ ><&B*lc*3i»T l 7 u — ASH 

ihwi* rtst i ^©b»*«*t*c 

[0 l 5 8] *^Jfiffi|Ttt, *S»W^fii*Td l : 
Td 2 :-:Td5 : Td 6-2° : 2' : — : 2* : 2 5 

£-r£o c^*7f^F^^m^^^-ttT2 fi pgisco^^0T 

[0 15 9] l 7U-AMPfl+lCOL ED#«3fcLfc* 40 

fcS&OWJt^lOO^tf-Si, Td lc!:Td2l:i3 
^TB***f83fcLfc«&tCtt5 ^WHK^ST*, T 
d 3 £Td 5 SriS*3Lfc«^(rtt3 2 %60HUt#3E5iT 

[oi6o] s^-r ><Dmm<Dm2&frmm\zu 

^»HRfl^*ir Lfc»tc, 1 7>f >B«>iS*^*5tt-5»# 50 
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[0 16 1] *fc**Jfi«Ttt, &7< >OlB*<Z)H* 

«WTci 5<75fi$tt, i ^1 >&<nmmcDm^&&mnn 

Ta5«^tlT^b, y ^-f >B<&B*(&»S&* 
«MTa 5MTT5iTO»ffl ( Z T a 5 ) «t0, S 

[0 16 2] Sfc^^iPBlTd l-Td6H E<D£o 
ttI*Tlil83tTt)fi^. «Atf 1 7U-ijr^(: 
43^T* Tdl(DW:Td3, Td5, Td2, — £U 

U ft^-f >©H*Jc*5»-5»*ii^«liia*^ 5 IMC a 

[0 16 3] *58fl©Bi*ffiTH, lv-r>Bcoffl* 

£ <!:& < S5*Mffl&B#***-f£ - t*«p71IBT*a. 
[0 16 4] Sfc, *f8W<0«31fi»«ttS**ft»Cfe* 

JHSKiS^T* ftfi*fCfta:-5EL«W**r"raOLE 
D*l»ttfc«^-Ct>, fiSICi^TSfiWOLEDOW 

[oi6 5] u&*mt&mcomW]jj&T*te, 1 7^ 

[0 16 6] ±ia«fiE^ < toT, *MW»^***fTo 
[0 16 7] **«Mli^K«2i:aftl:tt^ 

t^x^srrs - tansmrc**. 

[0168] (**M6) **««Ttt, nlfy^f 
- 2 Wi&C^UTPW^o 

[0169] *^is«©Kft*ffiTtt, Hi;*±ffitr^ 

*TOTd (n+1) SfLT^S, f IT, ^tk^P^I 
Td nt*«JBMTd (n+1) 0>**l-Pttl;:»Jt;b 
X. i*a*WHTand:»#MMIBTa (n+1) 

[0170] 7i^^^^«xii> Hi;tr*v hco^v^;u 
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\£T*\f\*}\Zttfo^Z&*<mvaT dntTd (n + 1 ) 

\tmt^LxmmLu^o m^Ast, rate-;/ hot 

+ i) ©rwfc, to^/SMB^RW^nT^s. 
[oni] Hi3i;, *nmm<Dmm-ftmz£>^T, 

a (n+1) <7)BBJ6Sn*^< ^ >yS^B3T*Lfc. 

&frMr*Wmbh£tLTfrt>, y ^< >@Opg*0#^jA 
*»Hm* 1 JH7T**TO»lPfl (ITal-ETa (n + 

I ) ) €«Hl"e*"T. 

[0 17 2] Sfc, pj^OpL^iMtnco^Tte, 

So 

[0173] X/kWIWT d 1 -Td (n + 1 ) Ofi£ 

II Tdl :Td2:-:Td (n-1) : (T d n + 20 
Td (n + 1 ) ) =2° : 2' : • • : 2""' ^if;t 0 

[0 17 4] 17l/-A«Wtl:*3M«mSS» 

[0 17 5] **««tti:C«i«lCJ:oT, *M«f«^ 

[oi7 6] ^*3*5iss^jt«, Hc*f*E;-r£ 

[0 17 7] Sfc, **lfi«T»4»±fitfy K0-r>>* 

tt i -Dtzmzmznir, t^^oify ho-en^tiK: 

[0 17 8] &***Ji(|«<Z)*J5Jcttn^2^)«^*C*3ti 40 
[0 17 9] (HSS^J7) **ISf|T»4, *589!<BSK)fc 

2, Tr40)|RiiH^Sf*< 1 h7>yX^Tr 1& 

ll'fe^o *fc*<0telii***Wr* h7>yX^ (MA 

tf i 9 i*Tii h 7 > y 7 ^ T r 5 ) t>, H«H 50 
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»fifcf*di**pJSBT*a. S^H*^JS«Ttt, NIK 

^ffi^lEKlHlSfS, ^2^S^IBi*[pJSg) ^tfSTFT 
■*«©TFTira-»«±tCH«f*C»*-r««* 

[0 18 0] £t\ 014 (A) ^^fck^tc, n-r. 

>^*tO# 7 0 5 9 «7X*# 1 7 3 7 2f 7X& i'Kfli 
^<B^7X&<fc^;tf^X*>£&*£«3 0 1 ±(C?g 

■ia^©ift«RA^j«*T*ii3 o 2 zM&c-rz* 

tf, 77X7CVDSTS1H,, N H, „ N, Ort^ft 
«Sn-5*{taffcxU3>IB3 02a£l0-200 
[nm] (£?£L<te5 0 - 1 0 0 [nm]) JgtfcU [isJti 

(is ifl N,03&^f^«sna*fbaft**fl:->un 

>!3 0 2 b^50- 2 0 0[nm] (£?£L<tel0 0 

T«MB3 0 2 *2li«|jSiLT*Lfc3ft«, WlE<&*iJSI£0 
*«gl*&J4 2liJK±«»S*fc«iaiLT»J«LTt> 

[0181] »K¥##B 3 0 3 - 3 0 6 tt, #ARJft 

ft:R¥*fls«3 0 3-3 0 6^«2 5-8 0 [nm] 
(ffSUH3 0-6 0 [nml) O^T^ETr*. « 

^fctev'J 3>y;i,V-^A (SiGe) 

[0 18 2] U-if«-«»ftffiT»»ll¥*#g|6fp« 
tSCH /^PX5B«ffl*fctt*«38>Effl«)x*->vu 
-if-«YAGI/-f- YVO, l/-it-*ffl^5 0 
in^^)l/-f-^fflt^«^(:^, U— *f— 38g3gA> 

^S«^tt/^X38fi««[*3 0 0 [Hz]tL, U-if 
-X*;k^-«jg£ 10 0-4 0 0 [mJ/cm ! ](ft« 
W[:ii2 0 0-3 0 0 [mJ/cm I ])<i:tl, o Y 
AGl/- tf-effll^«^^tt*©*2 iBSBifcSrffltV^ 

;i/X?8il^i£®:3 o-3 o o [kH z]£U u— tf-x 

300-600 [mJ/cnV] (ft^WlC 
^3 5 0-5 0 0 [mJ/cm ! ])it^(hg^ o fit 
(gl 0 0- 1 0 0 0 [/zm], «*_«4 0 0 [/im]T8« 
tc*3KLfcU— tf-)tSrS«^ffiH«-3TflBWL, CO 
«r<7)««U-lf-3toafc&fc-&* 5 
£5 0-9 0 [%](hLTfT-9o 
[0 18 3] &UT\ fttt¥«#/l3 0 3-3 0 6 £31 
5y-MBWi3 0 7 t»*-r*. y-M(SWR3 0 7 

0-150 [nm]tltyU3>^|ggltMt 



n £ 0 ^'^If'ITH 1 2 0 [nm]<Aff STKfLSftlv'U 

7C VDfiT'TEOS (Tetracthyl Or thos i 1 icate) <h 
1 O s <fc*jgftU K*ff*4 0[Pa], «Sfiffi3 0 0 

/ -lOOrail, iftEiS (13. 5 6 [MHz]) , n 

p } Jj«tf*0. 5-0. 8 [W/c m s ]Ttt«S-arTJBJ*'r 

7 >Ifttt, ^«4 0 0- 5 0 0[1C]^7--JH:<tO 

[0184] f lt, y- h*e^sg3 o 7 _tk:y- 
ttssr»&j-r«fc«><7)* i (Dmmmz o 8 £ft2co^ii8g 

3 0 9 ^M«o *'*JSMTtt, 
8*TaT50^1 00 [ n m] <T>M 2 L > 312 <£> 

««IK3 0 9 SWT 1 0 0- 3 0 0 [ n m] (Dip $ t~J£fi£ 

A r flilMc^X e^K r £fln*L<5<h, T alK^rtpP^^ 
*«ftlLTK(Oa«*l»lb-rsct^ttl*So a 
ffl<0TaM<Z>«*i3ptt2 0 [//Qcm]gHT*0y-F 

\Z l 8 0 [/z Qcm]gST»0y- Miit^CtW 

mizfci^&mm*t>^^t*>*)i& i 0-5 0 [n 

a«t*#»K:1»S£i;Mii*-&. 

[0 18 6] W*S»JSt5S&l:H, W*^ — h 30 
tLftX/Vy?ftT»«t5. 6 7 

[/z Q c m]KTl:t4^t^a*L^. WIS 

ttS9 9. 9 9 9 9 [%]ifctt>6J*9 9. 99 
MW-yyhM^ * ^UritlKBptSlffi + sft^ 40 

^>^^^J:0> J&tfC^ 9 — 2 0 [// O cm]S*S«: 
<fc*<ffl**. 

[0 18 7] ***«Ttt, ft 1 CO?SmM3 0 8 

ST a, S2O«ti3 0 9SWtLt^ 1*1:18^$ 
liffttTa, W, T i , Mo, A K CuUE 
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m3 0 8 &mit?>9)l (TaN) TJgJ&U ft 2 (7)£i 
HjH3 0 9 SWit £jffl*£;b-d\ ft 1 CO^HIH 3 0 8 
&3Ht*>*)l (TaN) T»J*U ft 2 CD3£«;J]g 3 0 
9£A 1 t-TZmZhSt^:, ft 1 C0^€)K3 0 8 SrSffc 
^>^;i/ (TaN) T»J5fcU S20#fR3O9S:C 
u tTSa^fr-BrA^tf bti^o (0 14 (A) ) 
[0 18 8] Sfclc, 1/yX hCJ:5YX^3 1 0 £fl2tfc 

u ««Rrxe*i*»j«-rsfc*oft 1 ox7f>y)B 

SSff^o *jllffiMTtt I CP (Inductively Coupled 
Plasma : iSIS^iy^Xv) X*y ^>yffi&flH^ X 
7f >y«^X(:CF»iC h^L, l[Pa]C0f_E 

JPS!<0««{C: 5 0 0 [W]OR F (13. 5 6 
[MHz]) t**SALT^7X7*4j«LTfT5. £ 
fttffl (StfiXr- v 5 ) tCt) 1 0 0 [W]CDRF (13. 5 
6 [MHz]) l^^Al, *SWl:ft£OgE/H7X 
WEESrRPiHlTS. C F, chC 1 s Sig^Lfc«^{C«WK 
RtfT a«tt>RS*JCXy^>4/**l*. 
[0 18 9] i:IBX^^>y*^Tt4, UyXM:i5 

ft*»4 1 5-45° y-Mft«kgt±lz9**» 
■T^«t&<Xy^>i/i-Sfc«>HJ4, 10-20[%]g 
J*<D*J^TX^^->^p B TSiei3P$-frSi:Al^ WIC 
»"T«KftS9Efk ^> U =i >«t<0SiRJttt 2-4 

fb*{bx>Ja>K«««ULfciBtt2 0-5 0 [nm]g* 
x^^->y$n^>c:i:^^^o CUT, ftlCOX-y^ 
>4fjfl3K.fcO»l 0»*JI£ft2 0W«J|ft>£x&5ft 

i (7)»«(o*«b 311-315 (ft i (Dmmm 3 1 1 

a- 3 1 5 a ^^2^11 3 1 1 b-3 1 5 b) 
«^)o CC9£^ y- h*6»IK3 0 7 JC*5^T«, ft 

i<?)Moiii3 11-31 5-e«ton&ii««tt2 

0-5 0 [nm]SKX7f>^Snj|<&oft(l«*<B 
^c^n^o 7X^7 3 1 0 fc±f2X^^>^CcfcO 

[0 19 0] f IT, ft 1 (ZD K-tf >i/ffl.a*ff^n^ 

t>F-yft^tt«K-X'M 1 x 1 0 ,3 -5 x l 0 
,4 [atoms/cm ! ]chU *DME^6 0-1 0 0 
[k e V]£:LTfT5o nS*tt4t-5^««7C*(t:LT 
1 5*tJR-r*7C*, AfflMtC«U> (P) *fctetBt* 
(As) &mtt*2>i!fi* :utfiU> (P) - 
MI3 11-31 4#n^£tt^r**tt«5 

S«317-3 2 0**»J5E*nS. ft 1 (O^M«««3 
1 7 - 3 2 0l:fJl Xl0 2 °-ixi0 ?, [atoms 



~tZ> 0 (fid 14 (B) ) 
[0191] m 1 4 (C) \Z>^-f^o\Z, k>7 

HSfrOo X7f>^^xi:CF,iC i : to^^ffl 
l\ WJftSS&WKx^^-rs. CWPt, Ig2<7)x 
*v-? L >yffl ! atC«tO«2<7)»«(OW««3 2 5 -3 2 9 
(S5 1 CDalMiJM 3 2 5 a- 3 2 9 a<h$2^itl3 2 
5b-3 2 9 b) *Mtl>. C<Z)i€?, Mfe«K 
3 0 7 KUs^Ttt, ^ 2 O^^H/li 3 2 5 -329 
T«:bn&t>iB«tt£ 2 0-50 [nm]fi9[X7f 10 

[0 19 2] WHM-^T am&C F t tC 1 2 CDjg^tfXU: 

> w i & tf> *. cd ^ ii ^ «ai-r * z. t ffim * s • 

WtTa<07'yfb*<t*<b*03Ra;£S:lt*S!-r«)i:. W 
C07-yfk:4»T*-5WF.^«Slil*Cia<, CD flfi <0 W C 
1., TaF,, TaC LMgltT^^o Stot, C 

SfcCF.tOj^SKLTCOfcFliaO, Fvi^tDl 20 

*\ T a«F^i@^L-Tfcffl*fW{3X^^>yiiJKCDJi 

a«0X7f>^iSlifiTfS. BoT, Wl^Ta 

mt<Dx.y^> tzm&ft&^t tuv wis 
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to l 9 3] f IT, El l 5 (A) i:*fi5i:!B2«) 

«i ct 0 fe H - Xm * T *f T i« ^ ioa«JE<Z) * i L T n 
fB*#*T-6^*fi*7E:** H-e>y-r*. 0»J*tf, flp 
I§igJ££7 0-120[keV]<hU ixi0 ,3 [at 
oms/cm ! ]0)H-XiTfT^ 014 (B) T»« 

11 3 2 5-3 2 8 *^FW»7C*H*fr-5V^i7(i:LT 
fflCi, §5 1 Oill 3 2 5 a - 3 2 8 a C0TfflOfi«C 40 

h^mwjcmfimtiuztiz&oiz H-tr>y-rs. 

IT, S3W»E«jS83 3 2-3 3 5«Jn5. 
^ wag 3 CO^j|86«5«« 3 3 2- 3 3 5 tCSSJDSnfc »J > 
(P) »l^t§ 3 2 5 a-3 2 8 a^f 

-/^-^(Dmmizfe^TM^frummmiz^LT^ 

Z>o fc*5, m 1 <£>W*)I 325a-328a (7)r-/^ 
«<t«tt-5*W*»^43^T, Sl^)ifi 3 2 5 a- 
3 2 8 a<75^-^-»0*a*^rt*iJfC|fil^oT«^ 

T£>£ 0 50 
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[0 1 9 4] m 1 5 (B) IZ^f X O \zm 3 (DX. y ^ > 
ymmZlTOo X7f*>^#XI:CHF fi Sffl^, K£ 
tt-T^>x^^->yffi (RIEffi) Sfflt^TfTOo S3 
OXy?>y«l|I*C±0, SlO»ti3 2 5 a-32 

f>yffiii:ckot, S3OM0itI3 3 6-3 4 

0 (fg 1 <7>*f 111 3 3 6 a-3 4 0 atS2 <DmmM 3 
3 6b- 3 4 0 b) £fl2/£-f3o Z(D£^, V— 

i3 0 7l:^OTH ^3(?)itt^ti3 3 6-3 4 
0T*bttftt>««ttSSfc2 0- 5 0 [nm]^:JtX7 

^ > y s < & o fc««3W»fiE * n s o 

[0 1 9 5] g3(OX7f >yfflll:«tot, S3W 
tt*««3 3 2~3 3 5fc*3^TH\ Sl^#M33 

6 a- 3 3 9 a i:l[^SS 3 CO^*E«5fiB« 3 3 2 a- 3 

<Z)^2 0*Sfi^fg«3 32b — 335b <h^ffi^1c£*l 

[0 196]flT, 015 (C) (C*-TJ:^^, pf 
t T F T S«J5fit5fttt**#i 3 0 3, 3 0 6 

\zm\(D^mmt\tm^mnm<Dm4(D^m^m^L3 4 

3-3 4 8 ^M«„ ^3©MO«il3 3 6 b, 
3 3 9 bS^>6*7C*l:»t-57X?«!:lTffll^ 

iTFT^Mt^SW**i3 0 4, 3 0 543i^ 
^3WM^tl3 4 0ll l/yXh7X^ 3 5 0T 
4l«lLTi5<, ^fc6feM^3 4 3- 3 4 8(Cte^ 

ncomfeS^^^T^^^«s^2 X 1 0'° - 2 X 1 0 
21 [a t oms/cm 5 ]t&S<t5l:tS. 

to 1 9 7] tt.hst(oiiT^n-en^ft«*«fti 
3 36-33 9^Y-hmmtLxmm 

SB305»tt^**Ji3 4OI4y-hBI«t 
[0 19 8] U y7 h VX^ 3 5 0 SISLfct, 

7 7 - * x 7x-;HP*ffl SU7x-;^tfT o , 
Tzz-)l& (RTAiS) *affl-rs^t^ni*s. 

:i-^ffiTttBt*»fltt«l [ppm]JWT, »*L<tt0. 

1 [ppm]«Ttf>£**Htl + T4 0 0- 7 0 0 [XL ft 
3l«H::te5 0 0-6 0 0 rc]Tfr5*>tf)T&0, *^SS 
«Ttt5 0 0 rc]T4HMIBOj»fta«:lt'5. f:SU S 

3^M(?)Mi3 3 6-3 4 0 Kffl HfeKHHttWIfc 

Ltm&L^o ^3^M^«iI3 4 0[iy- 



C ( 

n 33 

n h««T*>9, ^CO -»« h7/yX^T r 1 

2 [0 19 9] $ ^>fc, 3-100 [%]c^7K^^^tr^H 

/ §14 J T\ 3 0 0-4 5 0[t]Tl-l 2KfrawMi$ 

7 tf]t^£) ftfroTfc&^o 

[0 2 0 0] *^T\ 0 16 (A) \Z'?ik-?&o\Z, ^1 
OfflMffcflUR3 5 5£*ffc«flS5'Un>gt*>iS 100- 
2 0 0 [nm]©)JSTMn. ^(7)±tz 
ttft^3K&«2aMMiettK3 5 6£»l*Lfc», Si 
OJHft1«fc»Bt3 5 5. »2(Z)»Pfl*ei»M3 5 6, *5<fctf 

y— N*e**iK 3 0 7 WiiT3>^^ h^-n&m&i 

L, »ttfidlfil3 5 7 -3 6 3*/^^ — — >^»«-T^ 0 
&*5 3 6 3tt«iEI8T*0, 3 6 0«fI^J»*r*So 
[0 2 01] «2 0)Jimfft«fcK3 5 6 iLTH Wf$® 

^ F, #UT£h\ 7?UJk BCB (^/Vy^P^ 

»JK3 5 6tt-<Fafk<Z)*i*^^*«3fi^>0"C, 

ntz.7 1 U JI/3&**?SL^. *^KWPI4TFTl:ioT 

[0 2 0 2] J/^^h^OMH H7-fl7f 
®3 1 7-3 1 9SfclipSWtt«i«3 4 5, 3 4 

8icii-r^n>^ h*-;u, y— me« 3 4 o tcsg-t 

33>**h*-;k ^figfi^ (H^-fr-T) fcit-rsn 

[0 2 0 3] £Ac> Sttfi«3 5 7 - 3 6 3 tLT, T 
iRSl 0 0[nm], T i ^7j^-^AJS^ 3 0 
0[nmL Ti|150[nm]^7^ftT«filc 
L/l3SW^O«^)K^m^C0^«{C/\ o ^--ri>yL^ 

[0204] vk\z, &m&m ( h u-r >e«o 3621; 

St^Itfl3 6 5 — n>^J0Err£>, fe*5, 

[0 2 0 5] £fz, **Jfc«Ttt, H^«& 3 6 5 £ L 
T I TO^^ 1 1 0 [nm]<nm£\zm&LL, rt*—~> 
{f&fT^ft. i*ti3 6 5Si!!«K»3 6 2 t»n 

«{t-f >v»?At32-2 0 [%]<Dmtmm (ZnO) ft 
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fi&L&aW*Wiefflt^Tt>A^. 3 6 

5**OL EDOJiitaS. (H16 (A) ) 
[0 2 0 6] B16 (B) tC,f<T^^)tC, 

^tJ|ft»Bt <**IM*Ttt»fl:3i»Bt) B00[nm] 
OBSI3«L, 3 6 5JC*tJC-r^ttB«cBBP 

mzmaiLT* A>^tbT*«-r*»30)«iwifti*yi 

3 6 6 ^^/S-T^o P^PgBft^-t£KK ^X7hX7 

£ z. t ffim * * o ran »<o«je#+# k& f> ^ 

[0 2 0 7] ^tC, 3 6 7 *5 (M g 

Agfg) 3 6 8ft. S^IfS^fflUT^MU/j: 

^-eMttjes-rs. w««3tH3 6 7<obijpj4 8 

0-2 0 0[nm] (AlWCtt 1 0 0 - 1 2 0 [n 
m]) , i!3 6 8CD#£ttl 8 0- 3 0 0 [nm] (A 
m&d\Z\±2 0 0 - 2 5 0 [nm]) <h*rn«&t>o 
[0 2 0 8] ^Olfitll *ft(w*tJK-r«»iii*, 

[0209] hp*,, *^*fitr»«-r*ei*tt^*^T 

^H^^ft^:TS"r^X^ft-tr«.y h U 

[0 2 10] ^^T«RGBC^L/:3lI(7)OLE 
Dft^-T^^ftffl^fc^, Sfe^ftOOL ED<h# 

c7)OLED>:m7t^ (mTttt^fe^^^ : CCM) <hft 
[0 2 11] ft*5, W«^7tS 3 6 7<hLTte^*P<Z)« 

[0212] 3 6 8 SJgfiK-r*. ^43**Jfi« 

TIJHI3 6 8 i:bTMgAgSfflW:^ 
ftKK5£Sn&^. |»«3 6 8 tLTffi<Z)4itt<7)«<Bf* 
50 ffl^T^A^o 
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[02 I 3] |fti£?gft&3 6 5 t, ^m^ytm 3 6 7 t, 
6 8 i^l^^Tt OL ED 3 7 5 H 

[0 2 14] *fC«H««3 6 9£^«&(C<£0 

MOL-?*. «*««3 6 9li, *aW**r^HMi3 6 
8 t»«LT»IS)ELTt>At». ffBWIS 3 6 9 »4W«58 
3tH 3 6 7 **»^S**^«II'r*<Dtw#jaT**S 

[0 2 1 5] Sfc, ffiitl3 6 9«il3 6 8 <D#ffc 

#«5B3t» 3 6 7, Iftffi 3 6 8 

T\ ffilli3 6 9 ^T^A«ML&^Ti^l:i 

[02 1 e] mm*. ^itmmmx*u^^^^^-^B 

>m3 7 0 *3 0 0 [nm]^i^(;Mt§ 0 A°-y >">C 
— >3>H3 7 0t»«LT6<ui:T, W««3£H 3 
6 7 &*#®7&^««^*£<hi&*-e^ OL E D (DffitH 

13 7 0tt^TLfc»(tS^Sttttti o 
[0 2 17] :UTl 1 6 (B) ^*-rct"5&«|jfia) 20 

«3fc*B*<#ric-r*. 3 7 ittBftisiB«op^^*;i/ 

STFT, 3 7 2 ttKfteiBSKOn^-v^^SlT FT, 
3 7 3lih7>vX^Tr 4, 3 7 4IJh7>yX>T 
r 2 SS*LTt^o 

[0 2 18] ***M<©ag3teft«tt, H*8S 

fc^t^^<i?»iKB^t)SM^tSigcoTFT*gBH-r^ 

T, (B#ltKnEilK<7>KKinttft& 1 0 [MHz]K±l: 30 

[0 2 19] *»*ZttH 1 6 (B) 0)ttH*T5g 

<, KtfX^ft^ftil:^ JUA (7^*-h7^Jl/ 
A, **H»*ft«»v>r^A«) ^«3Ctt<o^-u>y 
ttT/t7^r-y>y (MA) tSCt^ifSLK -t<0 

tOLEDrolllltt^lfiim. 
[0 2 2 0] Sfc, /t-yir->f>y»<O«lffl^J:0a« 40 

[0 2 2 1 ] ***«T*-rxaiCtt^tf, 58 3t 

[0 2 2 2] **Jfifl»JfcL *J6fl«J 1 - 6 £ g EtUCffl^ 
[0 2 2 3] (3lS60i]8) **Jfi0SJT«, -Mm&\2 \Z& 50 
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^*SS^J(^iSi^co±ffiia*^t"o &:fcl3l 7tt, El 1 6 
(A) a>xa**J*7LfcB#^^*3t+-6, H*a>_LfflHK: 

tbizmi&Lrzo rai;)i^»i«sn*ieiiH4Rii;A 

[0 2 2 4] B17^ «SlgA~ A T (C^tt^NSE 

a*, hi 6 (a) (da- a 9 o«»^ffls-rs. Ell 8 

[0 2 2 5] El 1 7 t*-TB*tt, W^itLTiftt 
£»1*E**3 6 0 (Si) ^1 ££^3 8 0 (G a 
j ) t. S2M83 8 1 (Gb j ) <t, Mi3 6 3 

(Vi) Sl^fLT^. fit, ^l$tS3 
8 0 (73— 3 8 2 , 3 2 7 tt, h7>y 

[0 2 2 6] S^xxX^T r 3(DV — XfiWSi: HU-T 
x«g«H — *ttfB#«3 6 0fC«tt$nT*5 0, feo 
-#tt««9E*3 8 3*^Lty-bE»3 4 0\Z»m 
y- HE** 3 4 0<7)~BB3 8 4tth7>y 

[0 2 2 7] £7c, h7>yX^Tr4^7-XSJS(h 

fh>swi 3 6 o«i^nxfc 

0, t>5— *»4««K*3 6 1 ^LTh7>yX^T 
r 1 <D KH x««;fttf H^x^X^T r 2(DV"XS 

[0 2 2 8] h7>yX^Tr l(^V"XSfflt«8 
3 6 3l:Stt$nTM. Sfc, h7>y7^Tr2W 
KK >ttW3«MUE*3 6 2 ^tTB*SI3 6 5 

[0 2 2 9] ^2^S^3 8 1 <0— 3 2 811 
h7>yX^Tr 2 0)**- HitLTliLT^S. 
[0 2 3 0] ttfitft 3 6 3H II 1 fttf * 2 BMttlHt 

spajc^t, y-hfi«3 4oti&oTt^, 

iE13 8 5ti&oT^. *iB«3 6 3 <t^BE«3 

y-hE«3 4 0 i«lEi3 8 5rt*y-h*6» 
K*m»C*^««toTl^*«»*<, «#^S3 8 6(C 

ffla-rs. <*£fc. «»M3 6 3*^iatx»2sw*6 

WI*MlC^Ty-hB«3 4 0 £fiftoTt>*«# 

[0 2 3 1 ] CCD««^3 6 3cD„h^, 
«iT^i«i:<ff»*«*3cktf«*i»*»J«-r*il < i:*« 

[0 2 3 2] **I«TSLfcl*©±iSHB, *3S9i 
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[0 2 3 3] ($Cjffiffl9) ***«Ttt, lK)8^>f<LAc 

iii^o.htligltco^TittH^T^o Eli 9 \z*m&me>m 
#(0.hfiiPJ**-r. Mil 7tt, liI*»«<o}gfiE*i« 

[0 2 3 4] H 1 9 ^*TBi*tt, LTlit 
*ffcl*K«l5 6 0 (Si) t, £3t«l5 8 0 (Gj) 

mWMS 6 3 (V i ) £ 1 ^tttt^o L 
T, 5 8 0 CO— 582, 527, 528 

tt, ^n^tlY^s-JT.W r 3 t, Tr4i, Tr2 

coy- hticffi^t^o 

[ 0 2 3 5] H>yX^Tr 3 tf> V — Xjg«<h H U"f 

--A-«fl6J«!K18 5 8 3 S^Lty- hS5*8 5 4 0 KB&I* 
Sntl>5, y— MBJ8 5 4 0<7)— 9B5 8 4tth^>v 20 

[0 2 3 6] £7c, h7/yX^Tr4(DV-XS«(i: 
HK>M«tt, -\* 5 6 0fc«!tt£ftTi5 

r I <Z) Kl/^f >»8&tfh7>yX^T r 2 0V- 

[0 2 3 7] h7>yX*T r 1 ©V-X(B*HtI» 
5 6 3\ZtWc£tlT^Z>o h7>yX^Tr 2C0 

FU-f >««»4ttl«K«5 6 2 SrrfrLTHlUmffiS 6 5 
KSliaaftT^*. 30 

[0 2 3 8] «W« 5 6 311 mi RtfJB 2 IIMffiHN 

8 5£H H>^^ h*-;P*^LT»«SftT^5. 
&*3, MBKI5 4 0i«»IBI85 8 5**y-Mftli 
KtlW^Ss^-rattoT^**^, «^^*5 8 6i; 
♦BS-rs. ssk:. tfii5 6 3^ift^2intt 

>MftBIt^7?y-hEI»5 4 0 t««toT^*«# 40 
[0 2 3 9] £<A*«Uj!6 5 6 3<7)_t£, £jSl^£|K^S 

[0 2 4 0] **Jfi«T^LfcB*0±HBItt, #fE*P! 

ataa, ^mmT^Lfzmf&izmfeznr^K &** 
£itMtt. *«5«i-7taftjctt*dt3-a-T*iiS"rs 
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[0 2 4 1 ] (^Jfifl&J 1 0) **JfiWCtt, 7^v*;Hf 

[0 2 4 2] 0 2 0 iCff ^^S|ES][p]i^6 0 1 <£>«f££7 
n*y ^ST^rTo 6 0 2 By7hUyX^, 6 0 3 
ttt@85A, 6 0 4ttlB1t®£§B, 6 0 5^tS@Bt 

[0 2 4 3] y7hl/yX^ 6 0 2t:t^D7^i^C 

fclB«[§nK5A6 0 3(:[ir>^Jkr^§ (D i g i 
tal Video Signals) 7^A*j£ttT*5 
0. ?Bti0S§B 6 0 4 Ktt^y^g^ (Latch S 
i g n a 1 s ) ^Aij^tlTt^o tfT*8lt0&6 0 5^ 

So 

[0244] 02 i \zmnmmm^me o 1 co^o^l 

[0 2 4 5] >y h W7,$ 6 0 2 fCPTf^^gd^ ^ ^ 

a >^fg^tefB«t§I8£A6 0 3^^-TSlS&(7)^^^A 

(LATA 1 — LAT A x ) l^nftlAij^tl 

So M:0 £ h^y7M/yX^6O2l;^^T.«$ 

K«EIKA6 0 3i<tt-5}|»a)7 7fA (L AT 

a_i~lata__x) jc-tn-enA^-rsio&wuac 

[0 2 4 6] IBtSEIKA 6 0 3 \Z9f ^ >#mmfiX1l 

6 i o nA^sns i h^co^^^^e^'^ffi^ 

jefCttfe^-y^A (LATA_1-LATA_ 

x) co^n^n^#^iA^n, «^^ns 0 

[0 2 4 7] &*3, **I«THK«@BA 6 0 3 
^^^t^ft^SrffiOiittlR^, ie*lElJ«A6 0 3^ 
Wt'SfS&CO^y^A (LATA_l-LATA_x) 

ii, Bfc^^^e^a^sAALT^^^ *^0^ 

A^t^), 0i*>«>5»ftlK»*ffoTt>Al^ &*3£<D 
[0 2 4 8] |S1fcl§!&A6 0 3G0£TOX^— 

[0 2 4 9] 1 9<>JBIB3&«<*7"r4t, aa*0ttB6 
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0 4i^tS»IISW77fB (LATB 1 ~LATB 

x ) \Z. 7 7 ff^«6 0 9 ^iMT77fy^t^ 

(Latch Signal) W»&3ns. C(DBPr1> IEHcIeIIBA 
6 0 3*s*frStt*05-7'y^A (LATA_1-LAT 
A_x) C^^tlTl^ry^il/eftlf^^, SJ» 

WB 6 0 4^^f^)|!t(7)7 7f-B (LATB 1 ~ 

LATB x ) !C--*FlC»#i&Sn, ffi&£*l£o 

[0 2 5 0] ^v^^e^e^SIBttliaBSB 6 0 4C 
iSttlL3l*X.fc3il1ftrEiIBftA 6 0 3 fctt, y7hl/yX^6 
02^b^^<^ >^H^HS^> 1 My bft<D 10 

10 2 5 1] :o2liawi7<>»Wl:n aa«gi 

BB 6 0 4 tC**j&in, W^tlTl^fy^^hr' 

[0 2 5 2] 5£«Sf£[nIB6 0 5 tt«ft<0««»^liIgS 
(Cl-Cx) *#LT0^. SiftfS^lBjgg (C 1 ~~C 

x) <o^n^njz^^^;ue-x5*-«#^A**nsi:. 

l:fSlvi-Vx«fW4x.bn^.^ ufii^ - 20 

[0 2 5 3] M2 2 (3«»»^|iIBC 1 0^*W&«lfilc 
<0-«Sr^T. &*5«Mt»«ig»C2-Cxt>rai;*fiE 

[0 2 5 4] «««SI"IKC 1 tt«»SMK6 3 1«h, 4 
O0)h7>X$yya>y-hSWl-SW4t, 2 o 
<7)< W\'— * — Inbl, I n b 2 ££*rLT^£> 0 & 
*5, 5£«^«6 3 l #W"T5 h7>yX? 6 5 0 coUtt 
tt, I*^tt -5 h 7 > y X T r 1 S T r 2 ©Stt 
(tHUTft-S. 30 

[0 2 5 5] IrftgtPJSS B 6 0 4 ^WT£> L A T B_ 1 ^ 

^ai^^n^^^^^e^^-m^-tc^oT, swi-s 

W4(7)Xi' >y^>^WtfS£*l£ 0 &*SW1 WSW 

3 lCA#£tt5^v*;Ufc'?:*{H^<h, SW2MSW 

4 t:A/]$n^fy^ ;Ut*7 r ^-fi^«> Inbl, In 
b2i:ioTS(feLTM. W:J6SWlRtfSW3 
*<t>©t*llSW2fttfSW4(W7 l SWIM'S 
W3tft70t*llSW2 fttXSW4tt*>t&oTli 

So 

[0 2 5 6] SWl&tfSW3^y©(ht, 40 
63 l^bO Tte&l>W^<A*t£>*8K I c **S W 1 RZS 
SW3*^LTfi^)fiS 1 lCA7J£*l£, 

[0 2 5 7] »l:SW2R«SW4^>Oitlt £ 
^^iH6 3 1 frt><DMffi I c HSW2^Lty7^> 
K£fS£3*T.£. StSW4t^LTtSiVl-Vx 

o*iRftffl:*^^l«s i fc^^^n, i c = o£ft5o 

[0 2 5 8] «tfH2 1 Sr#«gLT, jfflBOifcfM*, 1 
7<>»fflrtl:, S«*0»6 0 5**W^*£T0>«SE 

(c i-cx) \z&\,*xmmzfit>nz>o «to 
r, ^ y * e^^-fi mz^o. ^t^ih^ca/j^ so 
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[0 2 5 9 ] &\Z, m 1 ^*«K»0BSO>*|j«^^liT 
[0 2 6 0] H23I2K1 £:£S5BSj[h1S& 6 4 1 WUbt 

[0 2 6 1 ] 11 ££«8ffi»l[nl8g 6 4 Hi, ^Wtly 
7M/yX^6 4 2, 4 3StLT^S. £ 

mia7t(il/^y75 ? ^t(,T^T^fi^ 0 

[0 2 6 2] 3S 1 ^S^K»3l«]gg6 4 1 |-*3^T, '>T7 
hl/yX^ 6 4 2l:^0 7?CLKRtfX*-h/^X 

£/£2*l£ 0 tfi6 3*lft^>f 5 >y«f tt/Vy 7 7 6 4 

[0 2 6 3] l7<>^iMlX^f 
•yf>yfflh7>yXfRtf*2X>f 7f>i/fflh7> 
yX^^- h S*VCC>£. f LT, 1 5>f 

>^co@i^O^ 1 X-f >y^>^ffl h^>^X^;Rtffg2 
X-f y^-y^/m h5>yx**-#lCONlcLtt<Ttt 
U^U^(DX\ A'777 6 4 3ttA^/cC*Sf£*i«-r d^: 

[0 2 6 4] *«^^43^Tffl^^nSBftigBtt, * 

[0265] 2 ^^^SEffijtHi^^m 1 ££*mk 

IMeIES t (Hi L«« * # L T A 
[0 2 6 6] *^Jfi«^*rictt, *»Wl-9tSfti: 

[0 2 6 7 ] (^fiffll 1) **««ttt, 7tD^ 

[0 2 6 8] 02 4 (A) C*ftlftfflatt^MUKIh@Ig 
4 0 KDZfOy'rm&K'to 4 0 2«y7hl/yX^, 

403^777, 4 0 4tt-y->yj >y@&, 405 

[0 2 6 9] y7hl/yX^4 0 2 CH ^Dy^fi^t 
(CLK) , X^-h^l/Xl^ (SP) **A*l£nT 
'>"7 h Uf>*X^4 0 2 iZZUyZmn (CLK) 

txp—b/vixmn (sp) ri*A*j£ft*£, ^-r^ 

[0270] SitfL^titz?^ ^ ytfmmz. A7774 
0 3\z^xmm^rz\^mmmm^tix. 

HJg§4 0 4 KA*j2n£o &*3* A'7 7rOftt)0[:U 
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[0 2 7 1 ] ^<J 2 4 (B) (Z^>y»J >7mi6 4 0 4, 
U >^[»!i&4 0 4(1 SBi 2 - 4 1 OCl&^TA'iy^y 4 0 

3 <t«M*;*n-c^5. 

[0 2 7 2] Ht>7U >y&]K4 0 4 Ictt, *t$CGDX< 
>y^4 1 I **38:t+*>*rt^*. tLT*>yj >^H3SS 

4 0 4 [Cli. t-7 J *e^*8 4 0 6 4^7tPi/tT*S 
^A«A>jStlT43 0, X-f <y^4 1 1 tt^-f ^ >^fl*f 

*®^*8it*«i0tt4 0 SCA^t^o &*3H2 4 
(B) Ttt, i«M4 0 5^>yj>^4 
0 4Mt5X-f -yf 4 1 lWlOlcS^SftT^Si 

Kfl, L*12 4 (B) ^7l«L>tcfc-5?tC«SSt**IOIK4 0 5 

[ 0 2 7 3] ft43**«MTfc^ Xi'7f411t;h7 
>y7^*l -^AfttflJ^Tt^***. X-T -y^4 1 1 ft* 

[0 2 7 4] +r>:/U >y^n^T±D^t:^'^m^ 
te, «Mt^tftP38ft4 0 5a*#T£SSfttti;*J[nIK4 1 2(Z 
A/j£ti5o m«£tH^[Hl?S4 1 2tt. A*rS nfctf-r* 

£ 0 &*3H2 4TO7>7"Wh7>yX^^ffl^Tl 
[0 2 7 5] [p]i;<*«£^8llElK4 0 5 

a*#-r<& u-tr>y h[p]g§4 i 7 f:xwns. ut^m 

K4()6(t 2"3OTtPyx<7f4 13, 4 14 
t, -f >A— 4 1 mU4 1 

[0 2 7 6] TtPyx-f-yf 4 14CttUt7hfl^ 
(Res) ^A*$nt*0, 7tD^,^ 7 f413 
lite, -T W1— 4 1 6 iCiotKKSftfcUt'y h 
m*% (Res) **A*J*ftTH*. fLTTtD^X^ 
>yiP4 1 3i7tPyx^7f4 1 4 tt, SKLftUt 
•y H8^tUt7 hfll^lc-tn^tiHIJBbTftffLT* 

[0 2 7 7 ] f IT, 7tD^X<7f41 3 

7tPy , X^7f 4 1 4^^-><7D^^tZ«jS4 1 5 CD^ 



40 



( 22 ) «fW2 0 0 2 - 3 5 1 3 5 7 

42 

[0 2 7 8] tt*3©^*tt, »«)«M*lzU-t-y NT£ 
[0 2 7 9] *«W<7)«3t36H«:iKi&TSfS#l6 

rticiEffisnato^ *jfi«i-*jfi 

10 [0 2 8 0] CMMm\2) *«(flK*3^T, HMi 

CintCctO, OLEDOfiJH»«i3{fc, fi* 

[0 2 8 1 ] CdT\ HMSftfi^ Sf'JfflL. ttSKEft 
■[ J f 1 38!l**lBl±a-frfc*ft'**"r, (T.Tsutsui, C.Adac 
hi, S.Saito. Photochemical Processes in Organized 
Molecular Systems, ed. K.Honda, (Elsevier Sci.Pub., 
Tokyo, 1991) p. 437. ) 

20 [0282] ±aa<oi»x^«to«ftstifcw««)e*f» 

[0 2 8 3] 
[ft 13 




[0 2 8 4] (M.A.Baldo, D.F. O'Brien, Y.You, A. Shou 
stikov, S.Sibley, M.E.Thompson, S. R. Forrest, Nature 
30 395 (1998) p. 151.) 

[0 2 8 5] J:B©»X«wJ:r)««*n*:W««3t«» 

(pt»#) o^scteiTt^-r. 

[0 2 8 6] 

Mb 2 3 

E t E t 



E t 



E t 




E t 



E t 



E t Et 

[0 2 8 7] (M.A.Baldo, S.Lamansky, P. E. Burr rows, 
M.E.Thompson, S.R.Forrest, AppI . Phys. Let t . , 75 (199 
9) p. 4.) (T.Tsutsui, M. -J. Yang, M.Yahiro, K. Nakamu 
ra,T.Watanabe, T. tsuji, Y.Fukuda, T.Wakimoto, S.Ma 
yaguchi, Jpn. AppI . Phys. , 38 (12B) (1999) Li 502. ) 

[0288] ±(B<o»x^«to*e*nfc*r«*3t»» 

50 (I r$Ste) (Btf^aSKTKST. 
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[0 2 8 9] 
[ft 3] 




[0 2 9 0] PA t<D£^\z=mmm&¥fr 

[0 2 9 1 ] **Sfi«(Z)*REtt, 

[0 2 9 2 ] 1 3 ) **JMHTtt, *f8W0>lfi 

[0 2 9 3] H2 5U, h 7 > X * £ tlfcM T 

Snfc«3t«K<B-hffiHT»0, BI2 5 (B) tt, 0 2 
5 (A) <7)A-A' iCiSltSBrffiEL 02 5 (C) ttH 
2 5 (A) (7)B - B' KiStt^BSffiBT**. 
[0 2 9 4] &fo4 0 0 1 ±f3i2frt^tlfcBi*aS4 0 0 

2t, m^«K»iai«4 o o 3 »iacx»2(7)«i 

^^^SEid[nll^4 0 0 4 a, bi^HfrJc^ltLT, v 
-;Ht4 0 0 9^^^bnT^^o SfclBKifflU 0 0 2 
0 0 3 c!:, * 1 fttffB 2 <0* l £ 
ejSK»J&lK4 0 0 4 a, btk<7)±JC -U >^«4 0 
0 8rt*Stt5ftTt>*. £-DTHSiffi4 0 0 2 fi^ 30 
«KIHilg8 4 0 0 3i, « l 2 am ££IMBft 

®g§4 0 0 4 a, b£te, |«4 0 0 1 iy-M40 
0 9 t l J >y«4 0 0 8 t«C<fcoT, **«4 2 1 

[0 2 9 5] *fc£«4 0 0 1 ±K»tt5ftfcM*«4 

0 0 2 ch % « ^SKK)L«I&& 4 0 0 3 £ , mi Rtf SB 2 CO 
ffi 1 £&*UBftlBl!&4 0 0 4 a, bill UROTFT 
SlfLTl^. 02 5 (B) TBft*Bi:, TMI4 0 

1 0±K»J***lfc, fg^«B»@K4 0 o 3^d*n 
^SKftTFT (flL, CaiinftMTFT^p 40 
^*;i/MTFT£P3^-f 4 2 0 l&ffi$S40 

0 2K^*n&h^>> ? X*T r 2 4 2 0 2 ^gISl 

[0 2 9 6] *'*Jfi«Ttt, ggUjTFT 4 2 0 1 \Z\t'£ 
%}<D ^ffiTf^K £ ttfc pft*JPSTFTSfc«nft 
*;HTFT^ffll^^ h7>yX^Tr 2 4 2 0 

t^n^o B*aiS4 0 0 2i:ii«»*i 

[0 2 9 7] mWT FT 4 2 0 1 &Zfb7>is7*9T r 50 
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2 4202 iificaMmiftikR (w-mAtm) 4301* 

mf&Ztl, t</)±Ch7>yX^Tr 2 4 2 0 2 CO K 
U-f >£«««lC»«TSai*«« (AS) 4 2 0 3* 
Wt$LZt\Z> 0 i««l4 2 0 3 t LTttttfWk©** 

[0 2 9 8] fit, (S#mffi4 2 0 30±lCte*fej*K 
4 3 0 2*«fiJSn, ««4 3 0 2 «H*«ffi4 2 0 

T\ I*ti4 2 0 3<Z)±^tt*"«583ttB4 2 0 4 tWK 
fifcStt*. *r«5EJtS4 2 0 4te&ft<7)#«feifc*ma; 

[0 2 9 9] #«58tt«4 2 0 4 0»l«*ffitt4i»I<7)a(l 

[0 3 0 0] #«*3tJi4 2 0 4a5±^tta3ttt«rWr 

M) ^^1S4 2 0 5«^ B4i4 
2 0 5 £*«55)tli 4 2 0 4 (DRmteftttZtitft^m 

3tt»4 2 0 4*a**fctt#*rx*HStT«rict, 
^*»iCMnS-&«tC^**Bj«4 2 0 5«:»*-r*t^ 

-eiseoi-s&flciiiftpiiifc-r*. ^ixsi4 205 
[0301] ELL©.*: 3 k is~c* mmmm (mm) 4 2 

0 3, mm^Xmi 2 0 4fttf&«4 2 0 5*^&£0 
LED4 3 0 3»ffi^ni)o f LTOLED4 3 0 3 
£«^4:?tr, «5»tt4 3 0 2±JC«a«4 2 0 9*«Jg 
eSc^tlTV^o «3H£4 2 0 9te, OLED4 3 0 3C 

[0302] 4005 a««ag*9fCSJtt$nfc5l^0L 
BESrC&O, h5>y^ i'T r 2 4 2 0 2 flDV-^d* 
£ttTfr><5. 3I£0LK8I4 0 0 5 a (4 
;W4 0 0 9 <h*J£4 0 0 1 L<Dm&MQ. S2f3* 
Stt7>fW4 3 0 0 £iM,TF P C 4 0 0 6*<WTS 

FPCfflK»4 2 o 6i:«g»i:»asns. 

[0 3 0 3] y-U>ytf4 0 0 8 ilTH #^X 
fflt^C<t*«T*S 0 '/^Xf^i'tliLm FRP 
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(Fiberglass— Re i n f o r c e d PI 
ast ics) PVF W'J )£—)Vy)W7<1 H) 

[0 3 0 4] fflU OLED^bC03t<^ftWAW*A* 

- Wfflj (i rpi^ ? « & k « # a*- # «s wt& wn«r& *> 

IXf)l/7 -f ^ASfcttT l J il/-7>f ^A<&«fco&S9J 10 
[0 3 0 5] *5#*f 4 2 1 0 iLTHa**7;P 

'J 3 PVB (*U^7'f7^ £fcteE 

va (xf-i/>b'-;i/7tT-h) Sffl^s;:^-?* 

[0 3 0 6] *fc«M4 2 1 0*»8H4«5K 
<tt«{fcAU#A) t)L<tti**»»L5§»Rl:$ 20 
*>LT43<fctf>tC, y-'J>^«4 0 0 8^S«40 0 
1 WI<7)fii«CW«4 0 0 7 S»ttT»Stt*KSfc«K* 
*«#L^-&*R4 2 0 7 ^6d«-r^>o fit, ®Stt 
«jR*fcttSft**K#boS4*R4 2 0 7**fRtf*£ft 
l^ct-9tc, Hf^A-«4 2 0 8 i:J:oT®ItttI^ 
fcH*#*fi*L?S«lB4 2 0 7teKIS54 0 0 7 \Z% 
f^tltl^ 0 &*3KlSB*A-#4 2 0 8 ttBG>»|J&Hi 

R*fctt«**iR»U5*«bJl4 2 0 7tt»;*&^#|]« 
Cf^TUSo KIttftR * fcttR* & Ki I o S«lS 30 
4 2 0 7 *i8*tSCiT, OLED4 3 0 3<O*ftSSP 

[0 3 0 7] 02 5 (C) IitS4 2 

0 3^MS«St^l:, ?ISIb1LSB^4 0 0 5 a ± 
J3«"r-5J:-5^*»ttIK4 2 0 3 a*«»«SW. 

[0 3 0 8] SMttt7^^4 3 0 0^1 

ft7^ 7-4 3 0 0 aHLTl^o S«4 0 0 1 t F 
PC 4 0 0 6 t**»BE*-r-5CltT, i«4 0 0 1 i© 
mmttm4 2 0 3 atFPC4 0 0 6±C0FPCfflB2« 
4 2 0 6 i:^ «itt7^ 7-4 3 0 0 al:ioTfI 40 

[0 3 0 9] *^Jfi«C0«*tt, ^SS^tJ 1 1 2 

[0 3 10] (^JS^J 1 4) OL ED*ffllifc58>e«« 

o^»BrT?<oa«tt^«n, «»ftiWE</*. fol, fife* 

[0 3 1 1] *aM«>«3t*B€:ffl^fc« : P««tU 
T, fc^:***^ TisfJVD*?. n-^SrVX 50 
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a«s, »Wr««* (^y^;m>^^-^, 
A.rzmmn^m (^W(c^^v^;i/t:^x^x^ 

(DVD) #cDf2i«SW££3£U ^CDB»£^L-5 

[0 3 12] 02 6 (A) BOLEDS*SST**0, 
Mfc 2 0 0 1, 2 0 0 2, ^tk3$ 2 0 0 3, X tf 

-*-«2 0 0 4, ef*A**f 2 0 0 5*Sttf. 

T'^^o OLED*$8iH /tvn>ffl, TV 

[0 3 13] 02 6 (B) «fy*^XfJW/7T» 
0 , *#2 10 1, ^tkSB 2 10 2, -g^SR 2103, 
J»fP*-2 10 4, h 2 1 0 5, 

-2 10 6^£^fro *5B*05E**IHtt«*a2 1 0 
2 ICffl^SriaiTT**. 

[0 3 1 4] 02 6 (C) tt/- h«!/^-V + ;P3>t: 
a.-^TfeD, *#2 2 0 1, 1*2 2 0 2, ^*SB2 

2 0 3, F 2 2 0 4 , h 2 2 0 

5fittgBtt3l*«2 2 0 3K:JfJ^*Ci*«T#a. 
[0 3 15] 02 6 (D) te^EA-f ;Ua > tf — * T * 

0, »2 3 0 1, 3t^H§B2 3 0 2, X^f-yf 2 30 

3 , J£f£4— 2 3 0 4, h 2 3 0 5 

tfo **lfl<05BftSBttS*«2 3 0 2 fCffl^S^t** 

[0 3 1 6] 02 6 (E) \*$mmfc£ffix.rzM%fM<D 
ItSigl (S^CHDVDStgl) T*0, * 
* 2 4 0 K g{£ 2 4 0 2, ^ffiA 2 4 0 3, 
B 2 4 0 4 , |B^«* (D VD¥) 2 4 0 

5, i^-2 4 0 6, X bf— * — 8B2 4 0 7^£^ 
tT„ **«A 2 4 0 3 li±t LTiftfSSX *b» 3t 
SSBB 2 4 0 4ttitLTX*«HB*S*t*^ 
W<DSS3fcS£fitt A 2403, B 2 4 0 4t: 

«BJcttlKfiffly-A«»3&:i:t>*Sns B 
[0 3 17] 02 6 (F) «^-^)HtV X^W 
(^7 KV^yhf^Xyi/^) T*0, **250 

1, ^882 5 0 2* 7-A0B2 5 0 3 £^t? 0 *ftm 
<7>583fc«fitt3ciSS|5 2 5 0 2 KflBl^* 



47 

[0818] 1*126 (G) lik'T-';i-:*J * 
2 6 0 1. 2 6 0 2. gtfc 2 6 0 3. fl-g&fgi^ 

-h 2 6 0 4. U^:3>§<fg&2 6 0 5. §f*i$2 6 0 
6, A'7rU-2 6 0 7, ^A^S2 6 0 8, Jgf£* 
- 2 6 0 9 3?£^tr. *feafJC0fiS)t^Eii^7j<gR2 6 0 

[0319] C1CT026 (H) 0 . * 

*2 7 0 1. g*2 7 0 2. 7 0 3. If^A^J 

SIS 2 7 0 4 . &&m*jffl 2 7 0 5. ^f^ + - 2 7 0 6. 
KtftmMtf- h 2 7 0 7 . T >^--7- 2 7 0 8 f^ttl. 
*^HMW^7tSil(i^7r<gK2 7 0 3 \zm d t^'T^ 
&^W2 7 0 3 ttMfe^#i:lCE ; 3feW5:-T'-^ 

[0320] &*s. tommznm9t9t#na>it*tnmifi 

[0 3 2 1] SAc. ±f6*-?-ttl8gtt'f h-$>C 

a t v {>r--i)\<j-v\L) zz^n-m'f-mmmm&mcT 

[0 3 2 2] 58>tgBttfS5ieLT^«ffi»*<«^ 
£ ft -5 ^ J6 . < <fc o 

[0 3 2 3] JJU.CD*$IC, *^^CDjiffl«eH««i6TJ£ 
-So Sfc. *'*S60tJOli^*!t3g«*J6^J 1 ~ 1 3 tC^L 
[0 3 2 4] 

[0 3 2 5] ±»Lfc*||58fcJ:oT. * 56 B>! 056ft SB 



( 25 ) iftffl 2 0 0 2 - 3 513 5 7 

48 

[0 1] #«9!<Bf&3fcgB©±ffi:7 r n-y 
[0 2] ^^Bllco^^SBcOBi^WlElSSHo 
[0 3] K»it*5l-t4ei*ro*lftBI. 
[0 4] T± DyBS(jffiJc*Jtt*#€rii*-»!Rni*7R 

[0 5] ^5^;MM&ftK::m*S*£i&*JWM£#w 
10 SB^wm^-T-S^'f 5 >^Sr?K-T0o 
[0 6] K»>(C:fet?«Si*<Z)4KI&S. 

[07] 7 s ^ c * w * # * a *. wm t 

[0 8] *«W«>«3t«B<OiB*«)0!SH. 
[0 9] *^?flcO^^BWH*CD@gS0. 
[0 1 0] •7 f v^;HK»tet*sit*#*ii*-»!W<i:* 

[0 1 1] ^v*Jl>Kibi£Kfctt***&*»HW<h£ 

20 [0 12] 7*->**;pe»&K*3tt4#£j^WIW£i* 

[0 1 3] T r ^^;i/Kftftt*tt*»*i&*«imt* 

[014] *%af]<7)%7 l eSBco^si77&*'K-r0. 

[0 15] *%WW^>tfiBWfPK^ffi2:-*T0. 
[0 16] #«W©«3KgB<0flMK;£tt**-re3. 
[0 17] *ffilp|0)?8}te£B0>iii*<&±Bifg. 

[018] ^ftwn^ftmmvmmnwmm. 

[0 19] *?6BJ|©f6fti£BWlH5!?c73±ffi0. 

30 [020] m^mmm®v&<D7n-y 
[021] : TV$')immmz&tfz>mm 



[02 2] •r->**;PK»ffiK#tt«*i«K£filOE&<&|pJ 



[0 2 3] II 1 ^S^|gS!jlE]S&co-yD-v^0 < , 

[0 2 4] ^v^;PBfttet^tt*fi^«K»0«KD 



[0 2 5] *5§«<&5Sft*«<&*1JiHRtf*rHB. 
[02 6] *fE^©5S3t««*«l»fc«^«SOH. 
40 [0 2 7] OL ED<D*E««E«M4**-rBI. 
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«± WE fE5& (ni«) 



(54) B»W©**W 2^VhU^X^M3^M^«»^fc^HIW»»3Ertt 



(57) mm] 




(2) 



0- 2 3 9 6 6 



5 S T-SUia^ta#t * fc it ^tiiWco tKKg trWVt 5 ®§Pfg|S 
t£«fcoT loro^^fT^r^-r-S^ir^mt-rs 2i* 

So 

1:2: : 2 <s-D { g fi]E<DfiiSc} 

w t £ ^6ffi*rf 1 Sfcfi 2 1E*<7> 2 h y 

[It*«4] StrfEHSiaJAS, jt'^paast. tfS^^Fic 

W*ftHBSr3E»f, *llif*i-£la)8gi ^bflWSSfttv^S £ £ 
*W»i-t-5lll*3Sl*»e.3V^-fix^l«IBe(75 2 JSSctc 

i ^ b 7 <^-r*u>> i mzm.<?> 2 &tg^ h y * *mmmyt 



-> ± >*m^Fi>> h ft -s r. t t -t 5IW*m l d>fc 7 
v^n^i3SfE*ro2 2fe7t;^ h 9 * xmzm&9mM¥ 

[0 0 0 1] 

5;^ — S^--^, il/^ Hn^^^^-feV^SliF-, LED 
[0 0 0 2] 

[0 0 0 3] -Wcmm%tth LTi*. U-f'iSI 

* fc« 2 ^^c^ h y ? xmyt&mm^-zmm vtzm 
mmmit^mx'h^. im\mmmn\^xih >o . 

2 »:5c^ h y ^ ^Mit^ll^- 1 ?- ii, ig»jm^-{-^C-C5t 
fi!4LT2^5t^ hy ? *mzmW.iStlXt£Z>\><D-Q2b 

L E D ^K>«365R^*»P>«fi!i $ flX H 5 <7? t $tf r t 
[0 0 0 4] " ©l©^3t»if© — ^i-^ *rfcfr 
fig &m Wir 5 M^gC tlx t£ 5 1 co ti$*a t>tix i ^ . 

[0005] tr?>t\ r.co«co^r,g3t^p^^-(ciDV^ 



(3) 



m^W-l 0-239665 



[0 0 0 6] IOi5ft1ft)5»&, tt3*©T^7 l >f^ 
HJgg (iHMOS-FET) irJai22«E»m» (^tCfTS 

[0 0 0 7] — *\ TV 7- J ~7-* V D ? ^mWLMim^CD 
-T5«EE, feitftfiSfcifi-feSri 5 , ^Cm s — 100/2 s 

[ooos] ua>u ai»i*tt»Efttt-««i-2fiiLro^ 
t\ -tttfe^6*a«a*-r-s:, ^y v^—ssjHcoat 

[0009] ::t\ «M*«*t»i4rjfcSeiMWcfflv^*: 

tBL<RHt5 B 
[0010] 2 2fe5t:^ h P ^ ^I^Ili^^M 

**»f**SlO±fclJ4, n-MOS-FETll^fffiSa^ 
fiCstg 12OT#J*SiX"C^5 0 n-MOS-FETllttn 

- S©K^y«i3, y-^W§£i4, hBfttKi 
5, *5iw poiy-s i 81*9*6^— bwmist^mat 
£*i£ 0 m^sa^ftcstg i2«, P + mmi. 

[0 0 11] >SlJilBlftlWi20*r^UT*lJiA 

22t- J: 0 , V — ^«*14t«WSaS*Cstg 12<7> pol 
y-S i|)tl9i3iS*Ett*n-CV^5o *43KU*^V««13tC 

y— ^«S22fcSN*SixTt^. 
[0 0 12] ©^mS25±^^Sd^]^26^^ffi$^T^ 



5o *Hfi)aWS«270^«ttt I TO^?)45» 

[RjaW*ii«ffi28*S^$ix, * biC^CD_h^gBftBl29 
3»?Sj5RSixT^5. ±IE2o<7>£«10. 27i4, — 
*fbLT^5KlRlK26, 29^^-5 J: 5 (cldg£tu 

^^wi^^^fi'a^ s B 9 3o^^$nT^5o 

[0 0 131 H 2*4, H 1 ^SPfl^iB^T-^liiSSBO 
3£tifi|Hj>&-Cfo5 0 H^<Oil*9, n-MOS-FETllOV 

—xnM22kmffiw&&&cstg \2co—jj s texximm 

«4* : F^«jlB^7>'K«(£Vss^Sa8$jxX^So *fc 
®*m®25i:. IEF*]lgl26> 29. ^ati^SO^J:^ 
f^SP^*amS28^ J: ^MCk«^ixri / ^ 0 
[0014] ««^5^K«tt:vss*ratili^ 

n-MOS-FETllO^— h«fiiffiBE4:Vg , KK> 
m®*/E^Vcora i-r^o ^7t, Vcom $rS?CIit 
[0 0 15] SIH****^^***^ 

i^r^awstR{W*-(S*^— A^^y (pb 

S) 2^Sdg-r^o J6SS3^^03tf4PB S 2t^i s 
^BB3fciEW*^i^*HS]3SK*«27 
(aWt^, A«L/c^i4^ a B B 30Oji^^LTtli^m@ 
25MJ:<9KM£*v ffi£fef B Ji£iIoTPB S 2dAJH- 
1~^c Slt^PMW^WPBS2 
£rSi!U HDft&mtjytkteZo 
[0 0 16] £fcEI4t4, ^C<SIIB3tSEWi*^** 
iM8a«t5fc»0, »A*«JEVlci:i«»iaiRi&« 
^IBfisSr^L-CV^o «f H tCi4^^ttiafpjS:^i-gftR 

ttttas^teffl-r* t<£>£-f5 0 vicj&s-v 
lcs tffiAiarpi^^AAtffl*«r^-aL.. ftgftJB 

^*ds»b*t5J;5^ ffi B B B iii¥^iSl:PM 
1"*. 

[0017] ^9-r^r<t{^J:^. mMt&fa&mMEE 
Vlc^-Vlcs COktOFF kftV, Vies (Dk^ON 

[0018] ^(CH 5 *4, Hi - 4 -trSftBJl L/c«^ciC*5 

-T, n-MOS-FETll^«li;/^J:M^-h 

®mi±Vd ^rVd(on) (C-T^)^, Hj*m/EVs *4S5&Vd 
(on) £&5 D ^©it:n-MO S - F E Tl l^^^il^ 
ffitftS ± h«ffifl:i±Vg ^r-h^^Vgoff^ 

Ltfc, ®^«EEVs f4«?Sf*a^*Cstg 12^^/1 
^AClciC J: «9»SVd(on) ^r^:^1-^o Lt^ot:© 
ffiBSJ (EI5<D(a) ) <D?RftJl«EVlc«4, V!c= (Vd 



(4) 



*SfHS¥ 10-239665 



(on) — Vcora ) tf£%> 0 

[0 0 1 9] -\# % n-MOS-FETll^Httlt?t 
£ J: 5K^— htSlEVg Sr+5>^S5< U WH*K K 
K VltlEVd SrVdtoffJK-Ti IlIEVs 
#II&Vd(off) fcfcSo -tCOf^trn-MO S-FET11» 

Tt, iB5RmEVs fcfc*ffi*«2&*Cstg i:Uftt 
ClcKJ: 9»Vd(off)Sr«»i-5 0 bfctfSo-CCKDJWPS 

(14 0(b) ) Kfctt5^AS«JlVlctellfrVlc== (v 
d(off)-Vcom ) £45. 

[0 0 2 0] ^r-C*fffi]#ii*fii«JEVcom * 
Vcom = (Vd(on) +Vd(off)) /2 

fc*5J:5^H3jpi-5i:, (a) MM, (b)fflfB 

(a) JJIfifl : Vic- (Vd(on) -Vd(off)) /2 

(b) WPpfl : Vlc=- (Vd(on) -Vd(off)) /2 
*46 0 I^tt, (a)fflffi, (b)MIH]<^ift/BWEV 
lc^^^Vlcs £JLh, -Vies «TK45± 9(CVd(o 
n) . Vd (off) tH#*H:**ON. OF 

[0 0 2 1 ] 4*5, ^[Mn-MOS-FETlI^4 

s*«ojKHtcj;9, fc e B ii®j±vicii (a ) mmt 

(b ) #ra£^#M*fc45##tfSfc5#* **WK 
[0 0 2 2] [HSCOTr ||<Dft* 

Hffivic. Tfi«*KR#-?-£a s , Hfflte(-tt*/z s~ l 

fe H B @mi±Vlc^ffif B (Z)®i^mEEVlc S <*fctt- 
Vics ) ict-S^je.BttWaWJ&JcSff^W^. JilEffi 

[0 0 2 3] fflWttSMI*^© 2 #C7U^ h !J ^ *JP»j;* 
ft 

irtSnt^So H<fc7*--^ttliSilfcft#B»llIK^teiS& 
Six, IWI(«*t#B»l5iaKJ:5«a-t-5^- 

fS* [VgK Vg2 , Vgn] t^J;oT#^ffi!lWSn 

*K M«f&*K»lilJ»^a^-eifo5Dij««* [VdK V 

d2 Vdm] CJ:ot#^f-^«^tl5 0 

[0 0 2 4] 4*5, B6(75»-(iBlHlB8T?*S*xSmyiJX n 



[0025] H 7 te, m 6 oEIBSfcfcttS 2 #C7C"V f> y 

[0 0 2 6] a) lfir@OpJ*tC#^iA^[l|feff^^. 
B^S-^lE»Ili»S<DUi^ [VdU Vd2 % Vdm] rf>* 

fr, MOS~FET^2gil<b&3Vgon Kb, ffi^friS 
««**#*»fc4aVgoffte+6. 

SrMOS-FET^^iit*SVgoffKbTt>, iBUi 

[0 0 2 7] b) 2fi t BKI*<>raai^i/— {r^-Ciillft 

T-T^i:, lHfiB4>^iif««#<0»ii**ll*T-*-ao b 
fcA*o*r\ liE3) (nfr) <z>Htem^<a#&^PaT 
f M\ n x r 4: 45. 

[0028] gftv^^ j»<omw 

[0 0 2 9] ±-f> 3taB3-35^&CD3ttt**^>^4-Cft 

*^ 1 o*Hfi)JSW*««K7Jt+5. AJWbfcJtttffi* 
S*^bTH*«ffi^RA+£iV S«iftlliSS:iSoTP 

mjjytt br p b s 2£jgi§U UI*u>X6i:j;ot 
«**m"7 ±-e»«-r 5 0 7 Ktt«r5 2 

9 0 i~4^i!u^lI]5<DJ;5K. PB*«ffiKVd(on) 
«r«tatf 4r-t©»»oj«*«3|B|- 7 o*i*ONi 4 

■*«ffiKVd(ofn*r*satpfc*o»»«>«**f 

»7©*il40FFi:45 B 

[0 0 3 0] H9tt, i»ffi7{:Mt^f^^-^ 

4Sl8lci9, 2&7c^hy^^^^ra*3EfB*^l 
<o^HI*KVd(of0®fS#4r*#i&tPa *^«K**:*> 
ty^-5SH< 0 r<7>4:*Ul*3feB:^ffiOFF-e& 

[0 0 3 1 ] r o«JiB^B«m#38^8* 8H<t92* 

^t"— ^fM-^- (Vd(on) *fc|-±Vd(off)) ^#^^^ 0 



(5) 



0- 2 3 9 6 6 



HVlfr l^btliMlrOF FKt5fctf>i-Vd(off)<7> 
«^£»f&tr 0 *^nfrSfcVd(off)^«**»# 

[0 0 3 2] ±IEOK36^— ^-VXicJ:^ t, «**f» 

^ONCO^nrt'fe^ OF FOfc#f otfeSo 4 

[0 0 3 3] ltT^#iA^^ra^ r ftZ 

Tott2nTt*fet), ^ 7 -.(0*jtl*B] 

Te ttn r fcft*. "T% fltftSJRflTo li'/f^*- 
MBJI*<OS3&NFlH l t>iP*? ; 5^. ^ coffin r^tt^T 

[oo34] ^Ftans^oift^ 
mmmxhv, ^wmfii^t-^ (jt*»e>w(cvgK 

Vg2, , Vgn) »lTP5o wOHtC*5V^Tll 

Vf^^^^-f ^ ^#=7 4 > (OFFt^) 
[0 0 3 5] W^J: 5*2fiSO*3EIB*^«rffifflLT 

Lt^-5o 1 fx B *J*co n B * T-fflI#:^ WS^* 
-#«r»#atP3feaE*7B*«-C*9iK-t-o ftt&tOSEU 

[0 0 3 6] 1 leleO^^Kiin t X*1b%><Z>X\ — 
Jr^^Kct5>l**BI«To tt8 n r £&5o 111 1 2 

[oo 3 7] Hn [o] ©ftit*tt, naa^e>7iiiB4 

"C©**-C^TOFF«:»*iitr. ttJ^Jttt 

5 0 pgffl [5] <nmx~l$, lHIBd*6>5iaB*-e(?5** 
T^tON^ftiA^ 6HIB i: 7|lIBC03t3E"eiiOF 

Wttsn t b» [7] ©wm naa^6>7 



[0 0 3 8] 

mmmytZf^^te^xte, mmmmx-zmc^xm 

RI8S»Sr2 8 (g = l, 2, 3, ) it5 

To = 28 n x [sec ] ( 1 ) 

[0 0 3 9] *»KttJifBO*«^ft^.T***Xfcfc^ 
[0040] 

U 3ltR*ixfcfi : *-i3«tS#iS*ffl5Jc, HAW— #lc* 

[004 1 ] <C*5±|5*^«FP^ raPB«." 2 0>«jSJfcft5(| 
1:2: : 2 OH) { g f3IE<Dg£Sfc} 

[0 0 4 2] £fc. ±miYMiR(D£Tm$: z , ±Mm%i<0 
[0 0 4 3] -*2»C7c^ hy ^^ffl2BIB*aBW*^*b 

[0 0 4 4] t^i^^-rs*^ 3te3EPI4R«S:3E3»r. 



(6) 



1 0- 2 3 9 6 6 



[0045] tLtLXMm^t LTfa. ^mm^m^ 

[0 0 4 6] 

Sft^ti, B###J C J: £ ftmtR J: o T IHft 

[0 0 4 7] 

[0 0 4 8] ::-c, SW3t^W*^i: LTttflflitiiia 

[0 0 4 9] 113 {£*>^T, ^<^«4«>i8ft(a) . (b) 
, (c) f^B«^^*«ii^3feS^^ ^ 

(c) ^OFFft^(a) OW#Tfif*toJx* 0 

[0050] ~:;t\ i«©^^^y^7^y(a) 

^7^fy(c) <^B#BJIHPI«:Tbc, Ife*^**^ 5 v*/ 
>•(<:) kttiHOjaE^^^ymyta) ©KfBOBB 
Pl£rTca£1-££. -^rfc Tab : Tbc : Tca = 
1:2: 4iZ«t^T^> Q ^^MC-teTab : Tbc : Tca = 
(3/7 ) n r : (6/7 ) t : (32/7) n t K:HSt5o 

CZOiSM-fSi:, ^«Dfrfc3liloH^-*»#i&* 
*3E-C. 8^ (2 3 1&m) ^>»3t«:fT*5rk3ftS-C* 

[0 0 5 1] fc*3, RB#(£««^»#&*£SE 

tt, ^ V^-f^fa) , (b) , (c) «£oT?T 

4tonatraitR«*o*>r ^v^m, tumcA) . (b) . 

(C) i^^^fiJ^^T^n, rtt(^J:i9^a^^ 

^^l«t5k^5iifflP H 1(A) % (B) , (C) T'^fiJ 

[0052] 4*sj:t/i hi 3^<omn 



X l/P^sf >kcDm#£T^:L-0^6 0 El 1 4 coS^i 

BH*&a:«^i**j 1 1 -ef±, ?fes^>r ^>^^w>(a) 
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(54) [Title of the Invention] MULT I -GRADATION EXPOSING METHOD 
USING TWO-DIMENSIONAL MATRIX TYPE SPATIAL OPTICAL MODULATION 
ELEMENT 

(57) [Abstract] 

[Problem] To realize multi-gradation exposure at a high speed 
in a multi-gradation exposure method that uses a spatial optical 



modulation element consisting of pixel portions, which 
alternately take a state of light emission or non-emission 
according to a drive signal, constituting rows and columns to 
be arranged in a two-dimensional matrix shape. 

[Means for Resolution] A spatial optical modulation element 
having pixel portions, which maintain a state of light emission 
or non-emission until a new drive signal is inputted, is used 
as the spatial optical modulation element, all rows of this 
spatial optical modulation element are selectively scanned for 
each of plural time intervals different from each other, a drive 
signal based on image data is inputted in each pixel portion 
in a selected row, selective scanning performed for each of 
the plural time intervals different frorn^ each other is 
multiplexed on a time basis, and one selected row is decided 
by time division out of the plural rows subjected to this 
multiplex scanning . 

[Claims] 

[Claim 1] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
in which a spatial optical modulation element including pixel 
portions, which alternately take a state of light emission or 
non-emission according to a drive signal, constituting rows 
and columns being arranged in a two-dimensional matrix shape 
is arranged in an optical path of exposure light, and exposure 
light, an irradiation time of which is controlled for each pixel 
portion by this spatial optical modulation element, is 
irradiated on a photosensitive material to apply 
mult i-gradat ion exposure to the photosensitive material , 
characterized in that 

an element having pixel portions maintaining a state of 



light emission or non-emission until a new drive signal is 
inputted is used as the spatial optical modulation element, 

all rows of the spatial optical modulation element are 
selectively scanned for each of plural time intervals different 
from each other, 

a drive signal based on image data is inputted to each 
pixel portion in a selected row, 

the selective scanning performed for each of the plural 
time intervals different from each other is multiplexed on a 
time basis, and 

one selected row is decided by time division out of the 
plural rows different from each other subj ected to this multiplex 
scanning . 

[Claim 2] A multi -gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to claim 1 , characterized in that the plural time 

intervals are geometric series of 2, 1:2: :2 <g ~ 1J {g is 

a positive integer} . 

[Claim 3] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to claim 1 or 2, characterized in that, when it is 

assumed that a time of the row selection is t and the number 
of saidplural time intervals is g, the row selection is performed 

at a basic cycle of gt. 

[Claim 4] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to any one of claims 1 to 3, characterized in that 
the pixel portion comprises an optical modulation portion and 
a circuit for inputting a drive signal for each row in the optical 
modulation portion at the time of row selection to update and 



maintain an optical modulation state. 

[Claim 5] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to claim 4, characterized in that the circuit for 
updating and maintaining an optical modulation state is one 
comprising an element including a monocrystal semiconductor. 

[Claim 6] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to claim 4, characterized in that the circuit for 
updating and maintaining an optical modulation state is one 
comprising an element including a multi-crystal semiconductor. 

[Claim 7] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to claim 4, characterized in that the circuit for 
updating and maintaining an optical modulation state is one 
comprising an element including an amorphous semiconductor. 

[Claim 8] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to any one of claims 1 to 7, characterized in that 
the optical modulation element is one having an optical 
modulation portion including a ferroelectric liquid crystal. 

[Claim 9] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to any one of claims 1 to 7, characterized in that 
the optical modulation element is one having an optical 
modulation portion including a mirror element, a deflection 
angle of which changes according to a drive signal. 

[Claim 10] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical. modulation element 
according to any one of claims 1 to 7, characterized in that 



the optical modulation element comprises an electroluminescent 
element . 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] The 
present invention relates to a method of exposing a 
mult i-gradat ion image on a photosensitive material, and in 
particular to a multi-gradation exposing method that makes it 
possible to apply multi-gradation exposure to a photosensitive 
material at a high speed using a two-dimensional matrix type 
spatial optical modulation element constituted by a liguid 
crystal element, a mirror element, an electroluminescence 
element, or a light emitting element such as an LED element. 

[0002] 

[Prior Art] 

In recent years, a printer apparatus has been developed 
with various systems, which exposes a photosensitive material, 
forexample, a silver salt photosensitivematerial, anon-silver 
salt optical reaction color development photosensitive 
material, a photo-thermal conversion color development 
sensitive material, or the like, which is modulated based on 
image data, to reproduce an image . One of performances required 
of such a printer apparatus includes increase in an exposure 
speed . 

[0003] 

As a general exposure system, there is known a system 
according to a laser scanning exposure. However, this system 
adopts a point -successive exposure operation and has a 
disadvantage in that an exposure time is long. As a method 
suitable for a higher speed exposure, there is known an exposure 



system that utilizes a line type optical modulation element 
or a two-dimensional matrix type optical modulation element. 
The former adopts a line-successive exposure operation and is 
capable of performing high speed exposure. The latter adopts 
a surface exposure operation, and a much higher speed exposure 
can be expected with the exposure system. 

The two-dimensional matrix consists of pixel portions, 
which alternately take a state of light emission or non-emission 
according to a drive signal, constituting rows and columns to 
be arranged in a two-dimensional matrix shape. Note that, as 
the two-dimensional matrix type optical modulation element in 
this specification, it is assumed that not only one in which 
a pixel portion is constituted by an element for modulating 
light from another light source such as a liquid crystal element 
or a mirror element but also one in which the pixel portion 
is constituted by an electroluminescence element or a light 
emitting element such as an LED is included. 

[0004] 

As one of spatial optical modulation elements of this 
type, there is known one provided with pixel portions for 
maintaining the above-mentioned light emission or non-emission 
until a new drive signal is inputted. The spatial optical 
modulation element of this type is developed and commercialized 
as a high-definition display element . In particular, a display 
element of active matrix liquid crystal elements is a 
representative one of the high-definition display element. 

[0005] 

Incidentally, in the spatial optical modulation element 
of this type, it is desired that an area of an element is as 
small as possible in order to increase a light condensing ratio 



in surface exposure processing. In order to obtain a higher 
definition image, it is necessary to increase the number of 
pixels of an element. However, when an area of an element is 
reduced and the number of pixels is increased, since an area 
of one pixel is naturally reduced, high precision of the element 
is required. 

[0006] 

From such a background, among the aforementioned active 
matrix liquid crystal elements , what is part icularly preferable 
from the viewpoint of high integration and high aperture ratio 
is a reflection type active matrix liquid crystal element with 
a structure in which a substrate thereof, and a pixel circuit 
(mainly an MOS-FET) and a peripheral drive circuit (mainly a 
row selection drive circuit and an image signal drive circuit 
in a column) are integrally constituted with a monocrystal 
semiconductor and a voltage is supplied to a liquid crystal 
by providing a reflection electrode in the upper part of the 
pixel circuit. 
[0007] 

On the other hand, among the active matrix liquid crystal 
element, one using a ferroelectric liquid crystal as a liquid 
crystal material is highly expected as an exposure element for 
a printer apparatus due to its high speed responsiveness (a 
response time is in the order of several jas to 100 |is depending 
on a liquid crystal material, a voltage applied to a liquid 
crystal, temperature, and the like) . 

[0008] 

However, the ferroelectric liquid crystal can generally 
take a binary stable state only and an anti-ferroelectric liquid 
crystal can generally take a ternary stable state only. Thus, 



when a liquid crystal consisting of these liquid crystals is 
used as an exposure element for a printer apparatus, only a 
low-gradation image is obtained with exposure by data writing 
of one time. Therefore, data writing and exposure of plural 
times are necessary for reproduction of an image requiring the 
number of gradations of approximately 256, for example, a full 
color image or the like. 
[0009] 

Here, multi-gradation exposure by a two-dimensional 
matrix type optical modulation element using a ferroelectric 
liquid crystal in an optical modulation portion will be described 
in detail. 

[0010] 

Structure of a two-dimensional matrix type optical 
modulation element 

Fig. 1 is a sectional view of a pixel portion of a spatial 
optical modulation element of this type . As shown in the figure, 
an n-MOS-FET 11 and a charge accumulation capacitor Cstg 12 
are formed on a p-type silicon semiconductor substrate 10 of 
a monocrystal. The n-MOS-FET 11 is constituted by an n + type 
drain area 13, a source area 14, a gate oxide film 15, and a 
gate electrode 16 consisting of a poly-Si film. In addition, 
the charge accumulation capacitor Cstg' 12 is constituted by 
a p + area 17, an oxide film 18, and a poly-Si film 19. 

[0011] 

In addition, first layer Al wiring 21 is formed via a 
first interlayer insulating film 20, whereby a source electrode 
22 connected to the source area 4 is formed. The source area 
14 and the poly-Si film 19 of the charge accumulation capacitor 
Cstg 12 are connected by this source electrode 22. Note that 
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a drain electrode 23 is connected to the drain area 3 . Moreover, 
a pixel electrode (second layer Al) 25 is formed via a second 
interlayer insulating film 24 and is connected to the source 
electrode 22. 
[0012] 

An orientation film 26 is formed on the pixel electrode 

25 . On the other hand, an opposed transparent common electrode 
28 consisting of ITO is formed on one side of an opposed 
transparent substrate 27, and an orientation film 29 is further 
formed on the opposed transparent common electrode 28. The 
above-mentioned two substrates 10 and 27 are arranged such that 
the orientation films 26 and 29, which are made integral with 
the substrates 10 and 27, respectively, are opposed to each 
other, and a ferroelectric liquid crystal 30 is held in a gap 
between them. 

[0013] 

Fig. 2 is an equivalent circuit of the pixel portion of 
the spatial optical modulation element of Fig. 1. As shown 
in the figure, the source electrode 22 of the n-MOS-FET 11, 
one side of the charge accumulation capacitor Cstg 12, and the 
pixel electrode 25 are connected. The other side of the charge 
accumulation capacitor Cstg 12 is connected to a power supply 
ground potential Vss of the electrode . In addition, a capacitor 
Clc is formed by the pixel electrode 25, the orientation films 

26 and 29, the ferroelectric liquid crystal 30, and the opposed 
transparent common electrode 28. 

[0014] 

Here, a gate electrode voltage of the n-MOS-FET 11 is 
assumed to be Vg, a drain electrode voltage is assumed to be 
Vd, a source elect rode voltage is assumed to be Vs , and an opposed 



transparent common electrode voltage is assumed to be Vcora with 
a power supply ground pot ential Vss as a reference . In addition, 
a pixel electrode voltage is assumed to be a liquid crystal 
layer voltage Vic with Vcom as a reference. 
[0015] 

Basic operation of a spatial optical modulation element 
Fig . 3 shows a schematic optical modulation optical system 
for explaining a basic operation of a spatial optical modulation 
element. A polarizing beam splitter (PBS) 2 is arranged on 
an opposed transparent substrate side of a spatial optical 
modulation element 1. An S polarized light wave of light from 
a light source 3 is reflected by the PBS 2 and incident in an 
opposed transparent substrate 7 of the spatial optical 
modulation element 1. The incident light is reflected by the 
pixel electrode 25 via a layer of a liquid crystal 30 and incident 
in the PBS 2 passing through the liquid crystal layer again. 
At this point , only a P polarized light component of the reflected 
light is transmitted through the PBS 2 and light thereof becomes 
output light. 
[0016] 

In addition, Fig. A shows a relationship between a liquid 
crystal layer voltage Vic and a liquid crystal orientation 
position for also explaining the basic operation of the spatial 
optical modulation element . It is assumed that a ferroelectric 
liquid crystal showing bistable orientation is used as a liquid 
crystal . Orientation processing isperf ormed suchthat a liquid 
crystal orientation direction coincides with an incident 
polarized light axis when the liquid crystal layer voltage Vic 
is -Vies and the liquid crystal orientation direction is in 
a position 45 degrees from the incident polarized light axis 
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when the liquid crystal layer voltage Vic is Vies . In addition, 
a liquid crystal material and a liquid crystal layer thickness 
are appropriately adjusted such that desired output light is 
obtained when the liquid crystal orientation direction is in 
the position 45 degrees from the incident polarized light axis. 
[0017] 

Consequently, the output light is turned OFF when the 
liquid crystal layer voltage Vic is -Vies and turned ON when 
it is Vies. 

[0018] 

Next, Fig. 5 shows each voltage of the pixel portion and 
a waveform of output light in the structure described in Figs. 

I to 4.. First, the gate electrode voltage Vg is increased to 
a sufficiently high Vgs such that the n-MOS-FET 11 becomes 
conductive. When, the drain electrode voltage Vd is 
simultaneously set to Vd (on) , the pixel voltage Vs is increased 
to about Vd (on) . Thereafter, even if the gate electrode voltage 
Vg is decreased to a sufficiently low Vgoff such that the 
n-MOS-FET 11 becomes nonconductive , the pixel voltage Vs holds 
about Vd(on) by the charge accumulation capacitor Cstg 12 and 
the liquid crystal layer capacitor Clc. Therefore, the liquid 
crystal layer voltage Vic in this period ( (a) in Fig. 5) equals 
to (vd(on) - Vcom) - 

[0019] 

On the other hand, when the gate electrode voltage Vg 
is increased to be sufficiently high such that the n-MOS-FET 

II becomes conductive and the drain electrode voltage Vd is 
simultaneously set to Vd(off), the pixel voltage Vs drops to 
about Vd(off) . Thereafter, even if the gate electrode voltage 
Vg is decreased to be sufficiently low such that the n-MOS-FET 



11 becomes nonconductive, the pixel voltage Vs holds about 
Vd (off) by the charge accumulation capacitor Cstg and the liquid 
crystal layer capacitor Clc. Therefore, the liquid crystal 
voltage Vic in this period ( (h) inFig. 4) equals to about (Vd(off) 
- Vcom) . 

[0020] 

Here, when the opposed common electrode voltage Vcom is 
applied such that Vcom equals to (Vd (on) + Vd (off) ) /2 , the liquid 
crystal layer voltage Vic of each of a) period and (b) period 
is as follows : 

(a) period: Vic = (Vd(on) - Vd(off)}/2 

(b) period: Vic - (Vd(on) - Vd(off))/2 

In this case, whenVd(on) and Vd (off) are determined such 
that the respective liquid crystal layer voltages Vic of the 
(a) period and the (b) period become Vies or more and -Vies 
or less, respectively, output light can be modulated to be ON 
and OFF, respectively. 
[0021] 

Note that, although the liquid crystal layer voltage Vic 
may be actually asymmetrical in the (a) period and the (b) period 
due to causes such as parasitic capacitance of the n-MOS-FET 
11, since this does not specifically affect the present invention, 
it is assumed that Vic conforms to the above-mentioned 
expression . 

[0022] 

Here, Tr in Fig. 5 indicates an optical response time 
of a ferroelectric liquid crystal. Although this generally 
depends on a liquid crystal material, the liquid crystal layer 
voltage Vic, temperature, and the like, approximately several 
\is to 100 |is is practically obtained. Time for writing data 
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in a pixel depends on an electric response time requi red for 
changing the liquid crystal layer voltage Vic to an operation 
voltage Vies (or -Vies) and the above-mentioned opt ical response 
time of a liquid crystal. Although it is necessary to reduce 
both of these times in order to write data at a high speed, 
in particular, the optical response time practically has a limit . 
[0023] 

Two-dimensional matrix drive method of a spatial optical 
modulation element 

Fig . 6 is an equivalent circuit of a two-dimensional matrix 
type spatial optical modulation element. This example is a 
spatial optical modulation element having pixels of m columns 
x n rows, which is constituted by a pixel circuit of m columns 
x n rows, a row selection drive circuit for giving a signal 
to the pixel circuit, and an image signal drive circuit. Image 
data is transferred to the image signal drive circuit, and a 
sequence discussed later is completed by a control signal and 
each drive circuit. Here, gate electrodes of pixels of the 
same row are connected together and are controlled, respectively, 

by row selection signals [Vgl, Vg2, , Vgn] that are outputs 

of the row selection drive circuit. In addition, drain 
electrodes of pixels of the same column are connected together, 
data is supplied to the drain electrodes, respectively, by image 

signals [Vdl, Vd2, , Vdm] that are outputs of the image 

signal drive circuit. 

[0024] 

Note that the pixel circuit of m columns x n rows, the 
row selection drive circuit and the image signal drive circuit 
shown in the equivalent circuit of Fig. 6 are formed on an 
identical si licon substrate . 
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[0025] 

Fig. 7 is a timing chart showing a driving method of the 
two-dimensional matrix type spatial optical modulation element 
in the circuit of Fig. 6. A writing sequence of an image signal 
for one screen will be hereinafter described . 

[0026] 

a) An image signal to be written in pixels of a first 

row is supplied from the output [Vdl, Vd2, , Vdm] of the 

image signal drive circuit. Next, only Vgl that is a row 
selection signal of the first row is turned into Vgon with which 
MOS-FET becomes conductive and the other row selection signals 
are turned into Vgof f with which MOS-FET becomes nonconductive. 
At this point, an image signal voltage is applied to each of 
the pixel electrodes of the first row. Thereafter, 'even if 
Vgl is turned into Vgof f with which MOS-FET becomes nonconductive, 
a voltage of a pixel electrode changes little and is maintained. 
Output light responds as shown in Fig. 5 in accordance with 
this pixel voltage. In this way, image signal writing of the 
pixels of the first row is performed. A writing time for this 

first row is assumed to be t. 
[0027] 

b) Writing of image signals is performed in the same 
sequence for the second and subsequent rows, and when writing 
of an image signal for the n-th row- is finished, writing of 
image signals for one screen is finished. Therefore, a writing 

time Tf of image signals for one screen (n rows) is n x t. 
[0028] 

Description of an exposure system 

Fig. 8 shows an exposure system of a photosensitive 
material that uses the above-described reflection type 



two-dimensional matrix type optical modulation element. 
[0029] 

First, light from the light source 3 is condensed by a 
condensing lens 4 and incident in the PBS 2. An S polarized 
light of this light is reflected by the PBS 2 and incident on 
the opposed transparent substrate side of the two-dimensional 
matrix type spatial optical modulation element 1 . The incident 
light is reflected by the pixel electrode via the liquid crystal 
layer and incident in the PBS 2 passing through the liquid crystal 
layer again. In this case, only a P polarized light of the 
reflected light is transmitted through the PBS 2 as an output 
light and focused on a photosensitive material 7 by a projection 
lens 6. A two-dimensional distribution of amount of light 
focused on the photosensitive material 7 conforms to the image 
signal written in the two-dimensional matrix type spatial 
optical modulation element 1 by an image signal generation device 
8. That is, as shown in the aforementioned Fig. 5, when Vd(on) 
is written in a pixel voltage, an amount of light of the 
photosensitive material 7 of that part becomes ON, and when 
Vd(off) is written in a pixel voltage, an amount of light of 
the photosensitive material 7 in that part becomes OFF. 

[0030] 

Fig. 9 is a sequence of exposure with respect to the 
photosensitive material 7 . First, an optical shutter 5 arranged 
behind the condensing lens 4 is closed. While the optical 
shutter 5 is- closed, the photosensitive material 7 is conveyed 
to a focusing surface of the projection lens 6 and fixed. At 
the same time, a signal of Vd(off) is written in all pixels 
of the two-dimensional matrix type spatial optical modulation 
element 1 by the image signal generation device 8. Thereafter, 
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the optical shutter 5 is opened. An output light at this point 
is OFF on the entire surface. 
[0031] 

in this state, the image data signal (Vd (on) or Vd (of f ) ) 
is written in the two-dimensional matrix type spatial optical 
modulation element 1 in order from the first row by the image 
signal generation device 8. Output light is sequentially 
outputted in accordance with the image signal and exposes the 
photosensitive material 7. A writing time from the first row 

to the last n-th row is nx. After an image signal is written 
in the last n-th row, a signal of Vd(off) is written from the 
first row again in order to make an output light OFF. When 
a signal of Vd(off) is written in the last n-th row, a period 
for exposing the photosensitive material 7 ends. Thereafter, 
the optical shutter 5 is closed, and conveyance and fixing of 
the next photosensitive material 7 are performed. 
[0032] 

According to the above-mentioned exposure sequence, an 
exposure time Te for the photosensitive material 7 is nx when 
the image signal written in each pixel is ON, and is zero when 
the image signal is OFF. In addition, a time T 0 required for 
this exposure is 2nx. 

[0033] 

That is, when a writing time for one row is assumed to 
be x, the time T 0 required for performing exposure of an image 
of n rows and two gradations is 2nx, and the exposure time Te 
for the photosensitive material 7 at this point is nx. Here, 
although a stabilizing time at the time of opening and closing 
the shutter is added to the exposure period To, the stabilizing 
time can be neglected because it is extremely small compared 



with nx. 

[0034] 

Description of multi-gradation exposure 
Fig . 10 is an explanatory view of timing of a row selection 
signal and a scan timing line for explaining multi-gradation 
exposure. The horizontal axis is a time axis, and the vertical 

axis indicates row selection signals (Vgl, Vg2, , Vgn 

in order from the above) . In this figure, a solid line indicates 
a scan timing line (image data writing) , which is encoded timing 
of an image data writing row to be selected by the row selection 
signals. In addition, a broken line indicates a scan timing 
line (OFF writing) , which is encoded timing of an OFF writing 
row to be selected by the rov? selection signals. 
[0035] 

As a method of using the aforementioned binary optical 
modulation element to realize multi-gradation exposure, there 
is known multi-gradation exposure by changing an exposure time . 
Fig. 11 is a timing chart of writing scan according to the 
representative multi-gradation exposure method. In this 
figure, exposure timing of eight gradations is shown. Scanning 
for writing image data from the first line to the last n-th 
line in a row-sequential manner is repeated seven times in a 
row. In scanning of the last eighth time, OFF is written. 

[0036] 

Since a time for one scanning is nx, the exposure period 
T 0 by a series of sequence is 8nx. In Fig. 12, an example of 
output light according to the multi-gradation exposure method 
of Fig. 11 is shown. Note that, in this figure, an example 
of the first row is shown. 

[0037] 



In an example of gradation [0], OFF is written in all 
scanning from the first time to the seventh time. As a result, 
all the output light becomes OFF, and an exposure time for a 
photosensitive material becomes zero. In an example of 
gradation [5], ON is written in all scanning from the first 
time to the fifth time, and OFF is written in scanning from 
the sixth time and the seventh time. As a result, an exposure 
time of output light for a photosensitive material becomes 5nx. 
In an example of gradation [7], ON is written in all scanning 
from the first time to the seventh time . As a result , an exposure 
time of output light for a photosensitive material becomes 7nx. 
In this way, a gradation level and an exposure time for a 
photosensitive material are proportionate to each other, and 
multi-gradation exposure can be performed. 

[0038] 

[ Problems that the Invention is to Solve ] 
However, in such a multi-gradation exposure system, there 
is a problem in that the exposure period T 0 becomes extremely 
long in accordance with the increase in the number of gradations . 
That is, when the number of gradations is assumed to 2 g (g=l, 

2, 3, ), the exposure period T 0 is represented by the 

following expression : 

T 0 = 2 g ni [sec] (1) 

And the exposure period T 0 becomes extremely long in 
accordance with the increase in the number of gradations. Such 
a multi-gradation exposure system is not appropriate for the 
system requiring a high-speed exposure. 

[0039] 

The present invention has been devised in view of the 
above-mentioned circumstances , and it is an object of the present 
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invention to provide a multi-gradation exposure method using 
a two-dimensional matrix type spatial optical modulation 
element, which can apply multi-gradation exposure to a 
photosensitive material at a high speed. 
[0040] 

[Means for Solving the Problems ] 

The multi-gradation exposure method using the 
two-dimensional matrix type spatial optical modulation element 
according to the present invention is a multi-gradation exposure • 
method using a two-dimensional matrix type spatial ' optical 
modulation element in which a spatial optical modulation element 
consisting of pixel portions, which alternately take a state 
of light emission or non-emission according to a drive signal, 
constituting rows and columns to be arranged in a two-dimensional 
matrix shape are arranged in an optical path of exposure light, 
and exposure light, an irradiation time of which is controlled 
for each pixel portion by this spatial optical modulation element , 
is irradiated on a photosensitive material to apply 
multi-gradation exposure to the photosensitive material, the 
multi-gradation exposure method being characterized in that 
an element having pixel portions for maintaining a state of 
light emission or non-emission until a new drive signal is 
inputted is used as the spatial optical modulation element, 
all rows of this spatial optical modulation element are 
selectively scanned for each of plural time intervals different 
from each other, a drive signal based on image data is inputted 
in each pixel portion in a selected row, the selective scanning 
performed for each of the plural time intervals different from 
each other is multiplexed on a time basis, and one selected 
row is decided by time division out of the plural rows different 
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from each other subjected to this multiplex scanning. 
[0041] 

Note that it is desirable that the above-mentioned plural 

time intervals are geometric series of 2, 1:2: :2 (g " 1) 

{g is a positive integer} . 

[0042] 

In addition, when it is assumed that a time of the 
above-mentioned row selection is x and the number of the 
above-mentioned plural time intervals is g, a basic cycle of 
the row selection is desirably gx . 

[0043] 

On the other hand, as the two-dimensional matrix type 
spatial optical modulation element, it is desirable that the 
pixel portion is constituted by an optical modulation portion 
and a circuit for inputting a drive signal for each row in the 
above-mentioned optical modulation portion at the time of row 
selection to update and maintain an optical modulation state. 

[0044] 

In such a case, as the circuit for updating and maintaining 
an optical modulation state, one constituted by an element 
including a monocrystal semiconductor, one constituted by an 
element including a multi-crystal semiconductor, or one 
constituted by an element including amorphous semiconductor 
can be used preferably. 

[0045] 

In addition, as the optical modulation element f one having 
an optical modulation portion consisting of a ferroelectric 
liquid crystal, one having an optical modulation portion 
consisting of a mirror element, a deflection angle of which 
changes according to a drive signal, and one .consisting of an 



20 



electroluminescent element can be used preferably. 
[0046] 

[Effect of the Invent ion] 

In the method of the present invention, since all the 
rows of the spatial optical modulation element are adapted to 
be selectively scanned for each of the plural time intervals 
different from each other, the number of gradations can be 
increased markedly by combining the plural intervals of 
selective scanning even if the number of times of scanning is 
few. Moreover, since the plural selective scanning is 
multiplexed on a time basis and writing of image data is performed 
according to row selection by time division of the multiplexed 
selective scanning, the entire exposure time can be reduced 
significantly . 

[0047] 

[Embodiments of the Invention] 

Embodiments of the present invention will be hereinafter 
described in detail with reference to the drawings. Fig. 13 
is a timing chart of writing scan in a multi-gradation exposure 
method according to one embodiment of the present invention. 
Note that, in this figure, exposure timing of eight gradations 
is shown. 

[0048] 

Here, as a spatial optical modulation element, a drive 
circuit therefor, and an exposure system, for example, one as 
shown in Fig. 1, one as shown in Fig. 6, and one as shown in 
Fig. 8 can be utilized, respectively. 

[0049] 

In Fig. 13, solid slant lines (a) , (b) and (c) are scan 
timing line for writing image data, and a broken slant line 



(a) is scan timing line for writing OFF. Although each scan 
timing line is scanned for each line in order from the first 
line, scanning is started in the order of writing image data 

(a) writing image data (b) -> writing image data (c) —» writing 
OFF (a) . 

[0050] 

Here, when it is assumed that a time interval between 
the solid scan timing line (a) and the solid scan timing line 

(b) is Tab, a time interval between the solid scan timing line 
(b) and the solid scan timing line (c) is Tbc, a time interval 
between the solid scan timing line (c) and the broken scan timing 
line (a) isTca, a ratio of these timing lines is set as Tab : Tcb : Tea 
= 1:2:4. More specifically, the ratio is set as Tab:Tbc:Tca 

= (3/7)m: (6/7)t: (12/7)nx. In this way, exposure of eight 
gradations ( 2 3 gradations ) can be per formed by image data writing 
of three times in any row . 
[0051] 

Note that, essentially, writing scan ( row selection } for 
plural rows cannot be performed simultaneously. Therefore, 
actually, timing for signals of row selection performed in 
accordance with the scan timing lines (a) , (b) and (c) is 
allocated to periods (A) , (B) and (C) , respectively, whereby 
row selection is performed in time division with the periods 
(A) , (B) and (C) in places where the scan timing lines overlap 
each other. 

[0052] 

In addition, Figs. 14 and 15 show a relationship between 
row selection signal timing and a scan timing line at a time 
tl and a time t2 in Fig. 13. At the time tl immediately after 
starting exposure of Fig. 14, writing scan is performed in order 
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from the first row in accordance with the scan timing line (a) . 
However, timing of a row selection signal is only taken in the 
period (A) , thus, a cycle of row selection performed in 
accordance with the scan timing line (a) becomes 3x. No row 
is scanned in the periods (B) and (C) . 
[0053] 

In addition, although the scan timing lines (a) , (b) and 
(c) overlap with each other at the time t2 in Fig. 15, in the 
actual timing of a row selection signal , row selection is 
performed in the period (A) on the scan timing line (a) , row 
selection is performed in the period (B) on the scan timing 
line (b) , and row selection is performed in the period (C) on 
the scan timing line (c) . A cycle of row selection performed 
in accordance with each scan timing line becomes 3x. 

[0054] 

Next, Fig. 16 is an example of output light according 
to the multi-gradation exposure method shown in Fig. 13. In 
this case, since TabrTbc : Tea = (3/7) nx: (6/7)x: (12/7) nx (=1:2:4), 
exposure of 2 3 = 8 gradations can be performed. 

[0055] 

First, an example of the first row will be described. 
At the time of gradation [0] , all writing data according to 
the image data writing scan timing line (a), (b) and (c) are 
turned OFF. As a result, all output light is turned OFF, and 
an exposure time for a photosensitive material becomes zero. 
At the time of gradation [5], writing data according to the 
image data writing scan timing lines (a), (b) and (c) are turned 
ON, OFF and ON, respectively. As a result, output light is 
turned ON for the time of Tab + Tea, and an exposure time for 
a photosensitive material becomes ( 15/7 ) nx . At the time of 
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gradation [7], all writing data according to the image data 
writing scan timing lines (a), (b) and (c) are turned ON. As 
a result, output light is turned ON for the time of Tab + Tba 
+ Tea, and an exposure time for a photosensitive material becomes 
3nx. 

[0056] 

In this way, multi-gradation exposure in which a gradation 
level and an exposure time for a photosensitive material are 
proportionate to each other can be performed. In addition, 
multi-gradation exposure in which a gradation level and an 
exposure time for a photosensitive material are proportionate 
to each other for the n-th row as for the first row can be 
performed. 

[0057] 

As described above, according to the present invention, 
the exposure period T 0 of eight gradations becomes 6nx, and 
exposure can be performed at a speed higher than the exposure 

period 8nx of the aforementioned conventional method. 
[0058] 

Here, according to the multi-gradation exposure method 
of the present invention, an effect of high-speed exposure 
becomes remarkable compared with the conventional method as 
the number of gradations increases. This point will be 
hereinafter described in detail . Now, the number of gradations 
is assumed to be 2 g . Then, according to the present invention, 
the number of image data writing scan timing lines is g, and 
a ratio of interval of each scan timing line becomes 1:2:4: 

: 2 (g_I) [g is a positive integer]. In addition, a cycle 

of row selection performed in accordance with each scan timing 
line becomes gx. Thus, the exposure period T 0 at the time when 



the number of gradations is 2 g is represented by the following 
expression : 
[0059] 

T 0 = 2gnx [sec] (2) 

Exposure periods T 0 according to the present invention 
and the conventional method will be hereinafter compared 
specifically. Table 1 shows an example of comparison of the 
exposure periods T 0 according to the conventional method and 
the present invention. 

[0060] 



[Table 1] 
[Condition] x = 20 \xs 



Number of rows n 


2040 


2044 


2046 


2047 


4095 


Number of exposure gradations 
2 9 


2 8 =256 


2 9 =512 


2 10 =1024 


2 11 =2048 


2 12 =4096 


Exposure period T 0 according 
to the conventional method 
[sec] 


10.44 


20.93 


41.90 


83.85 


335.46 


Exposure period T 0 according 
to the present invention [sec] 


0.65 


0.74 


0.82 


0.90 


1.97 



[0061] 

Numerical values in this Table 1 are calculated from 
expressions (1) and (2), respectively. A numerical value of 
the condition is set for, in particular, two-dimensional 
exposure of a high-definition stationary image (the number of 
pixels in one side is 2000 or more, and the number of image 
gradations is approximately 256) . In addition, it is necessary 
to set the number of exposure gradations larger than the number 
of gradations of an image taking into account correction of 
a gradation curve, or the like, and the number of exposure 
gradations is set to 256 to 4096. In addition, a writing time 
t for one row is set to 20 (is . 
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[0062] 

As it is evident from the result of Table 1 , compared 
with the conventional method, an exposure speed in the case 
of the present invention is 16 times as high in 256 gradations 
and approximately 170 times as high in 4096 gradations. It 
is seen that a remarkable effect is realized in accordance with 
the increase in the number of gradations . 
[0063] 

Note that, although the number of gradations is assumed 
to be 2 g (g is a positive integer ) in the above-mentioned 
embodiment, the present invention acts effectively with the 
other numbers of gradations. Now, in the case in which the 
number of gradations is assumed to be h, the number of image 
data writing scan timing lines is assumed to be g (g is a minimum 
integer satisfying the condition 2 s > h) . The exposure period 
T 0 is calculated according to expression (2) . 

[0064] 

Fig. 17 shows a relationship between an exposure period 
and the number of gradations according to the present invent ion . 
The exposure period is extremely reduced compared with the 
exposure period according to the conventional method in any 
number of gradations. Note that, as it is evident in Fig. 17, 
the present invention is most effective when the number of 
gradations is 2 g (g is a positive integer) . 

[0065] 

In addition, in the present invention, an interval of 

each scan timing (Tab:Tbc: ) is desirably set strictly to 

geometric series of 2 (1:2: :2 <g_1) ) and, more specifically, 

desirably (TabrTbc: ) = (1:2: :2 {g_1) ) gnt / (2 g - 1). In 

addition, (TabrTbc: ) needs to be an integer times a basic 



cycle gx for performing row selection according to time division 
with the plural (g) scan timing lines. Therefore, it is 
desirable that n = k (2 g - 1) { k is a positive integer} . However, 
actually, the number of rows n exists in which n is not equal 
tok (2 g -l) (k is a positive integer } . " As one of solving means 
in this case, when the actual number of rows of an element is 
assumed to be n' , an interval of each scan timing line 

(TabrTbc: ) is set to (Tab:Tbc: ) = (1:2: :2 (g_1) ) gnx / 

(2 g - 1) with a minimum value of n, which is equal to k (2 g -1) 
{k is a positive integer} equal to or larger than n' , as the 
imaginary number of rows. In this way, although (n - n' ) rows 
are in excess of the actual number of rows n' of the element, 
this excess rows only have to be scanned as dummy rows. 
[0066] 

As an example, in the case in which n' = 2000 and 2 g = 
2048 {g = 11}, the imaginary row n is assumed to be n = k (2 g 
- 1) { k is a positive integer} = 2047 {k = 1}. Consequently, 

(TabrTbc: ) can be strictly set as (TabrTbc: ) = 

(1:2: :2 (g_1) ) gnx / (2 9 - 1) - (1:2: :102 8) gx. In this case, 

although (n - n' ) =48 rows are in excess, they only have to 
be scanned as dummy rows. 

[0067] 

Moreover, in the present invention, the interval of each 

scan timing line (Tab:Tbc: ) may be set as an interval that 

does not have a problem practically rather than setting it 
strictly as geometric series of 2. As an example, in the case 
in which it is assumed that n = 2000 and the number of scan 

timing lines g = 11, (TabrTbc: ) is set as (Tab:Tbc: ) = 

(1:2:4: : 256 : 512 : 977 ) . Although the last number of the 

sequence on the right side is not geometric series of 2, since 



series of the sequence on the right side is 2000, (TabrTbc: ) 

is an integer times the basic cycle gx of row selection, and 
row selection scanning according to the set interval becomes 
possible. Here, since the last number is 977, forty-seven 
combinations are redundant out of the value of 2 g (= 2048), 
and the final number of gradations is 2 g - 47 = 2001. However, 
even in the case of 2001 gradations, if there is no problem 
practically, the effect of the present invention can be realized 
sufficiently. 
[0068] 

Next, an efficiency of utilizing light according to the 
exposure method of the present invention will be described. 
When n = k (2g - 1) { k is a positive integer}, according to 
the present invention, the exposure period To is equal to 2gnx, 
and the exposure time Te for a photosensitive material Te is 
equal to gnx. Therefore, an efficiency of utilizing light r| 
is represented as T] = (Te / TO) x 100 = 50%, and a sufficient 
efficiency of utilizing light that does not have a problem 
practically can be realized without depending upon the number 
of rows and the number of gradations. 

[0069] 

At the time of a condition in which n is not equal to 
k (2 g - 1) {k is a positive integer}, scanning is performed 
in the imaginary number of rows n' with k as a positive integer 
as described above, and an excessive scanning time for a dummy 
row (n' - n) is required. Therefore, an efficiency of utilizing 
light may decline to 50% or less. However, the decline is small 
and is not a problem practically. 

[0070] 

Note that in the two-dimensional matrix type spatial 
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optical modulation element that can be used in the embodiment 
described above, the circuit for maintaining states of light 
emission and non-emission of a pixel portion (see Fig. 1) is 
constituted by the n-MOS-FET and the accumulation capacitor 
Cstg. However, if no problem occurs in operation without the 
accumulation capacitor Cstg, it is possible to eliminate this 
accumulation capacitor . 
[0071] 

In addition, although the circuit of Fig. 1 is constituted 
by a monocrystal semiconductor, it may be constituted by a 
polycrystal semiconductor as shown in Fig. 18. This pixel 
portion circuit of Fig. 18 consists of an MOS-FET of pixels 
formed on a glass substrate 50 by a poly- Si TFT process. Note 
that, in the figure, reference numeral 51 denotes a gate 
insulating film; 52, interlayer insulating films; 53, a pixel 
electrode (Al); 54, a source electrode; 55, a gate electrode; 
and 56, a drain electrode. 

[0072] 

In addition, as in the example shown in Fig. 19, the pixel 
portion circuit may be constituted by an amorphous semiconductor . 
This pixel portion circuit of Fig. 19 consists of an MOS-FET 
of pixels formed on a glass substrate 60 by an a- Si TFT process. 
Note that, in the figure, reference numeral 61 denotes a gate 
insulating film (SiNx); 62, an interlayer insulating film; 63, 
a pixel electrode (Al); 64, a source electrode; 65, a gate 
electrode; 66, a drain electrode; and 67, a channel protection 
film (SiNx) . 

[0073] 

In addition, a complex structure may be adopted in which 
a peripheral drive circuit is constituted by a monocrystaal 



semiconductor and a pixel portion is const itutedby a poly crystal 
semiconductor or an amorphous semiconductor . 
[0074] 

As shown in Fig. 20, the circuit for maintaining states 
of light emission or non-emission of the pixel portion may be 
constituted by a binary memory circuit such as an SRAM circuit 
as shown in Fig. 20. In the example of Fig. 20, when data of 
1 or 0 is supplied from data signals Vd and /Vd and, at the 
same time, a pulse enabling data writing in the SRAM is given 
to a row selection signal /WE, the data of 1 or 0 is written 
in the SRAM, and the output voltage Vs is held. The liquid 
crystal performs optical modulation in accordance with the 
written data, and the state is maintained until data of the 
SRAM is renewed anew . 
[0075] 

In addition, as the optical modulation element, one 
provided with a mirror element, whose deflection angle changes 
according to a voltage, may be used. In this element, when 
the written data is 1, the deflection angle of the mirror is 
stabilized in one direction, and light incident vertically is 
reflected at one angle. On the other hand, when the data is 
0, the deflection angle of the mirror is stabilized in the other 
direction, and the light incident vertically is reflected at 
the other angle . In the case in which the two-dimensional matrix 
type optical modulation element constituted by such a mirror 
element is applied to the multi-gradation exposure method of 
the present invention, only one reflected light from the element 
can be focused to expose a photosensitive material as output 
light directly. 

[0076] 
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In addition, as the optical modulation element, one 
provided with a light-emitting element as an optical modulation 
portion may be used. Examples of such a light-emitting element 
include an inorganic thin film EL (electroluminescent) element 
that emits light by an electric field, an organic EL 
(electroluminescent) element serving as a carrier injection 
type light-emitting element that emits light by a current, an 
LED constituted by a compound semiconductor, and the like. In 
the case in which the two-dimensional matrix type optical 
modulation element constituted by such a light-emitting element 
is applied to the mult i -gradation method of the present invention, 
light emitted from the element can be focused to expose a 
photosensitive material as output light directly. 
[0077] 

As an example, an equivalent circuit of a pixel portion 
of a two-dimensional matrix type spatial optical modulation 
element having the inorganic thin film EL element that emits 
light by an electric field as an optical modulation portion 
is shown in Fig. 21. In this Fig. 21, reference numeral 70 
denotes a thin film EL; 71, a pixel electrode thereof; and 72, 
an opposed electrode. 

[0078] 

In this circuit, data of 1 or 0 is written in a TR1 of 
a MOS-FET from the data signal Vd according to a selection pulse 
of the row selection signal Vg . The output voltage Vs of the 
TR1 is held at a voltage with which a TR2 of the MOS-FET comes 
into a conduction state sufficiently when the written data is 
1 . The output voltage Vs is held at a voltage with which the 
TR2 comes into a non-conduction state sufficiently when the 
written data is 0. The output voltage Vs of the TR1 is held 



until new data is written. The think film EL 70 is connected 
to the TR2 in series, one side of the TR2 is connected to the 
ground potential Vss, and the opposed electrode 72 of the thin 
film EL 70 is connected to a common power supply Vac. 
[0079] 

Vac supplies an AC voltage, representatively a voltage 
in the order of 20 kHz, 100 Vrms . When the TR2 is in the conduction 
state, a voltage Vel between the TR2 and the thin film EL 70 
becomes substantially Vac, and the thin film 70 emits light. 
When the TR2 is in the non-conduction state, the voltage Vel 
between the TR2 and the thin film EL 70 becomes lower than a 
voltage with which the thin film EL 70 emits light, and the 
thin film EL 70 does not emit light. Therefore, the light 
emission is maintained if the data 1 is written, and the light 
emission is not performed any more if the data 0 is written. 
[0080] 

In addition, Fig, 22 is a sectional view of a pixel portion 
of a two-dimensional matrix type spatial optical modulation 
element using- a thin film EL. In this example, a pixel circuit 
81 as shown in Fig. 21 is formed on a semiconductor substrate 
80, and a pixel electrode (reflection film of metal such as 
Al ) 8 3 is formed via an interlayer insulating layer 82 . Moreover, 
an insulating layer 8 4 , an EL light-emitting layer ( as an example , 
ZnS:Mn thin film) 85, an insulating layer 86, and an opposed 
transparent electrode (ITO, etc.) 87 are laminated in order 
to form the pixel portion. The common power supply Vac is 
supplied to the opposed transparent electrode 8 7 . Light emitted 
from the EL light-emitting layer 85 is reflected by the pixel 
electrode 83 to finally exit upwards in Fig. 22. 

[0081] 



Note that it is also possible to combine the 
multi-gradation exposure method of the present invention with 
other gradation exposure method (area gradation, optical 
intensity modulation method, dither method, etc- ) . 
[Brief Description of the Drawings] 

[Fig. 1] Sectional view of a pixel portion of a spatial 
optical modulation element that can be used in the present 
invention 

[Fig. 2] An equivalent circuit of the pixel portion of 
the above-mentioned spatial optical modulation element 

[Fig. 3] A schematic view showing an optical modulation 
optical system using the above-mentioned spatial optical 
modulation element 

[Fig. 4] An explanatory view showing a relationship 
between a liquid crystal layer voltage and a liquid crystal 
orientation position 

[Fig. 5] A graph showing each voltage and an output light 
waveform of the above-mentioned pixel portion 

[Fig. 6] An equivalent circuit diagram of a 

two-dimensional matrix type spatial optical modulation element 

[Fig. 7] A schematic graph showing a driving method of 
the two-dimensional matrix type spatial optical modulation 
element 

[Fig. 8] A schematic view of an exposure system using 
the spatial optical modulation element 

[Fig. 9] A schematic graph showing an exposure sequence 
for a photosensitive material in a conventional multi-gradation 
exposure method 

[Fig. 10] A schematic graph showing row selection signal 
timing and a scan timing line in the conventional method 



[Fig. II] A timing chart of write scanning according 
to the conventional multi-gradation exposure method 

[Fig. 12] A schematic graph showing a modulation state 
of output light according to the conventional multi-gradation 
exposure method 

[Fig. 13] A timing chart of scanning in the 
multi-gradation exposure method of the present invention 

[Fig. 14] A schematic graph showing row selection signal 
timing and a scan timing line at one time in Fig. 13 

[Fig. 15] Schematic graphs showing row selection signal 
timing and a scan timing line at another time in Fig. 13 

[Fig. 16] A schematic graph showing a modulation state 
of output light according to the mult i -gradation exposure method 
of the present invention 

[Fig. 17] A graph showing a relationship between an 
exposure period and the number of gradations according to the 
present invention 

[ Fig . 18 ] A sectional view of a pixel portion constituted 
by a polycrystal semiconductor 

[Fig . 19] A sectional view of a pixel portion constituted 
by a monocrystal semiconductor 

[ Fig . 20] A sectional view of a pixel portion constituted 
by an SRAM circuit 

[Fig. 21] An equivalent circuit diagram of a pixel 
portion consisting of a thin film EL 

[Fig. 22] A sectional view of a pixel portion consisting 
of a thin film EL 

[ Description of Reference Numerals ] 
1 Two-dimensional matrix type spatial optical modulation 
element 
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2 PBS 

3 Light source 

4 Condensing lens 

5 Shutter 

6 Projection lens 

7 Photosensitive material 

8 Image s ignal generation device 

10 p-type silicon semiconductor' substrate 

11 n- MOS-FET 

12 Charge accumulation capacitor 

13 Drain area 

14 Source area 

15 Gate oxide film 

16 Gate electrode 

17 p+ area 

18 Oxide film 

19 poly- Si film 

20 First inter layer insulating film 

21 First layer Al wiring 

22 Source electrode 

23 Drain electrode 

24 Second interlayer insulating film 

25 Pixel electrode (second layer Al) 

26 Orientation film 

27 Opposed transparent substrate 

28 Opposed transparent common electrode 

29 Orientation film 

50 Glass substrate 

51 Gate insulting film 

52 Interlayer insulating film 
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$ 53 Pixel electrode (Al) 

54 Source electrode 

55 Gate electrode 

56 Drain electrode 

60 Glass substrate 

61 Gate insulating film (SiNx) 

62 Inter layer insulating film 

63 Pixel electrode ( Al) 

64 Source electrode 

65 Gate electrode 

66 Drain electrode 

67 Channel protection film (SiNx) 

70 Thin film EL 

71 Pixel electrode 

7 2 Opposed electrode 

80 Semiconductor substrate 

81 Pixel circuit 

82 Inter layer insulating layer 

83 Pixel electrode 

84 Insulating layer 

85 EL light-emitting layer 

86 Insulating layer 

87 Opposed transparent electrode 
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FIG . 1 

10 SUBSTRATE 

12 CHARGE ACCUMULATION CAPACITOR Cstg 

13 DRAIN AREA 

14 SOURCE AREA 

15 GATE OXIDE FILM 

16 GATE ELECTRODE 

18 OXIDE FILM 

19 poly-Si FILM 

20 FIRST INTERLAYER INSULATING FILM 

21 FIRST LAYER Al 

22 SOURCE ELECTRODE 
2 3 DRAIN ELECTRODE 

2 4 SECOND INTERLAYER INSULATING FILM 
2 5 PIXEL ELECTRODE (SECOND LAYER Al) 
2 6 ORIENTATION FILM 

27 OPPOSED TRANSPARENT SUBSTRATE 

2 8 OPPOSED TRANSPARENT COMMON ELECTRODE 

2 9 ORIENTATION FILM 

30 FERROELECTRIC LIQUID CRYSTAL 

FIG. 3 

1 SPATIAL OPTICAL MODULATION ELEMENT 

3 LIGHT SOURCE 

S POLARIZED LIGHT WAVE 

OPPOSED TRANSPARENT SUBSTRATE SIDE 

OUTPUT LIGHT 

FIG. 4 

INCIDENT POLARIZED LIGHT AXIS 
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FIG. 6 

1 IMAGE DATA 

2 CONTROL SIGNAL 

3 IMAGE SIGNAL DRIVE CIRCUIT 

4 ROW SELECTION DRIVE CIRCUIT 



FIG. 8 

1 REFLECTION TYPE SPATIAL OPTICAL MODULATION ELEMENT 

3 LIGHT SOURCE 

4 CONDENSING LENS 

5 SHUTTER 

6 PROJECTION LENS 

7 PHOTOSENSITIVE MATERIAL 

8 IMAGE SIGNAL GENERATION DEVICE 

FIG. 9 

1. CONVEY PHOTOSENSITIVE MATERIAL 

2. CONVEY FIRST PHOTOSENSITIVE MATERIAL 

3. EXPOSURE PERIOD T 0 = 2nx OR MORE 

4. FIXED PERIOD OF PHOTOSENSITIVE MATERIAL 

5. CONVEY NEXT PHOTOSENSITIVE MATERIAL 

6. SHUTTER 

7. WRITE [OFF ON ENTIRE SURFACE] 

8. WRITE [IMAGE DATA] 

9. WRITE [OFF ON ENTIRE SURFACE] 

10. ROW SELECTION SIGNAL 

11. OUTPUT LIGHT 

12 . PHOTOSENSITIVE MATERIAL EXPOSURE TIME 

13. FIRST ROW PIXEL 
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SECOND ROW PIXEL 

15. N-TH ROW PIXEL 

16. OUTPUT LIGHT CONFORMS TO IMAGE DATA 
FIG. 10 

1 ROW SELECTION SIGNAL 

2 WRITE IMAGE DATA 

3 WRITE OFF ON ENTIRE SURFACE 

4 SCAN TIMING LINE (WRITE IMAGE DATA) 

5 SCAN TIMING LINE (WRITE OFF) 

FIG. 11 

1 EXPOSURE PERIOD T 0 = 8nx 

2 SCAN TIMING LINE (WRITE IMAGE DATA) 

3 SCAN TIMING LINE (WRITE OFF) 

FIG. 12 

1 EXAMPLE OF FIRST ROW 

2 GRADATION 

3 EXPOSURE PERIOD T 0 = 8nx 

4 MAXIMUM PHOTOSENSITIVE MATERIAL EXPOSURE TIME T 0 = 7nx 
FIG. 13 

1 EXPOSURE PERIOD T 0 = 6 nx 

2 SCAN TIMING LINE (WRITE IMAGE DATA) 

3 SCAN TIMING LINE (WRITE OFF) 

FIG. 16 

1 EXPOSURE PERIOD T 0 = 6 nx 

2 EXAMPLE OF FIRST ROW 
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3 GRADATION 

4 EXAMPLE OF N-TH ROW 

5 GRADATION 

6 SCAN TIMING LINE (WRITE IMAGE DATA) 

7 SCAN TIMING LINE (WRITE OFF) 

FIG. 17 

EXPOSURE PERIOD T 0 
NUMBER OF GRADATIONS h 

FIG. 18 

50 GLASS SUBSTRATE 

51 GATE INSULATING FILM 

52 INTERLAYER INSULATING FILM 

53 PIXEL ELECTRODE (Al) 

54 SOURCE ELECTRODE 
5 5 GATE ELECTRODE 
56 DRAIN ELECTRODE 

FIG. 19 

60 GLASS SUBSTRATE 

61 GATE INSULATING FILM (SiNx) 

62 INTERLAYER INSULATING FILM 

63 PIXEL ELECTRODE (Al) 

64 SOURCE ELECTRODE 

65 GATE ELECTRODE 

66 DRAIN ELECTRODE 

67 CHANNEL PROTECTION FILM (SiNx) 
FIG. 21 
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COMMON POWER SUPPLY Vac 

FIG. 22 

80 SUBSTRATE 

81 PIXEL CIRCUIT 

82 INTERLAYER INSULATING LAYER 

83 PIXEL ELECTRODE 

84 INSULATING LAYER 

85 EL LIGHT-EMITTING LAYER 

86 INSULATING LAYER 

87 OPPOSED ELECTRODE (TRANSPARENT ELECTRODE) 



